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Data Summary Report: EMF Site and
VOC Plume Across Boeing Field

1.0 Introduction

This document presents a summary of data collected during Remedial Investigation (RI) activities completed to
date (as of October 2001) at the Electronics Manufacturing Facility (EMF) site. The EMF property is owned by
King County International Airport (KCIA) and leased to The Boeing Company. The EMF site is located at Boeing
Field/KCIA (Boeing Field) and is situated to the east of the active runways ftaxiways and to the west of
Perimeter Road forming the eastern boundary of the airfield (see Figures 1-1 and 1-2). The RI has included
investigations on the EMF site along with an area impacted by a downgradient volatile organic compounds
(VOC) plume in groundwater. The VOC plume extends to the west from the EMF site across Boeing Field. The
initial EMF Rl was conducted in 1996/1997 (Weston 1997) and additional data has been collected between
1997 and 2001 fo characterize the site conditions and the downgradient VOC plume in groundwater.

This section of the report presents introductory information, including general site background information.
Section 2.0 presents general information on site conditions. Field activities that were conducted during the RI
and remediation phases are described in Section 3.0. Sections 4.0 and 5.0 present a summary and evaluation
of the data collected.

1.1 Background

Past activities at the EMF site resulted in releases of trichloroethene (TCE), a chlorinated industrial solvent, to
the ground. These releases resulted in contamination of groundwater at the EMF site. The VOC plume in
groundwater (associated with the EMF site) extends in a westerly direction across the active runways and
taxiways of Boeing Field. The VOC plume has been transported by the natural groundwater fiow to the
southwest direction towards the Duwamish Waterway.

The EMF site has been the subject of past investigations and remedial actions. Groundwater investigations
conducted at the EMF site indicated that TCE downgradient of the source area was undergoing natural
attenuation. Evidence of natural atlenuation included the presence of a static plume (i.e., contaminant isopleths
were not advancing downgradient), as well as the presence of TCE degradation products. Because natural
altenuation of TCE was occurring, the remedial approach selected for the EMF site was active treatment of the
concentrated source area coupled with monitored natural attenuation (MNA). Based on existing data and
evaluations, natural attenuation was expected to reduce contaminant concentrations to cleanup standards
before the groundwater discharges to the Duwamish Waterway.

Groundwater at and downgradient of the EMF site is not a source of potable water. Therefore, groundwater
cleanup standards have been based on protection of surface water and were set equal to ambient water quality
criteria (AWQC).

In 1997, a groundwater remediation system was installed at the EMF site. This system consisted of two
recirculating wells that were operated to recover dissolved TCE from the aquifer. One of the wells recovered a
limited quantity of TCE as dense, nonaqueous-phase liquid (DNAPL). Operation of this system resulted in
removal of approximately 1,800 pounds of TCE from the aquifer.

EMF Data Summar2.wpd 1 116/02
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Figure 1-1. Site Location Map
(EMF Site, Boeing Field, Plant 1)
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Although this system has been effective in removing a large mass of contaminant, a significant mass of
contaminant remained at the site, primarily in the area downgradient of the zone freated by the initial
remediation system installed . As a result, Boeing began implementation of in-situ chemical oxidation (ISCO) at
the site in Spring 2000. The ISCO freatment has consisting of in-situ destruction of VOCs using permanganate
and peroxydisulfate. This approach was successfully demonstrated at a pilot scale and full-scale
implementation began in 2000 and continued during 2001.

1.2 Objectives of Added Remedial Investigation Activities
In 1999 data was collected that indicated the VOC plume was larger than originally thought in the 1997 RI/FS
report. The new data required a revision to the conceptual model of site conditions and the planned approach to
remedial action. In 2000 and 2001, Boeing implemented additional phases of investigations downgradient of
the EMF site. The objectives of these added investigations were to:

1) Define the VOC plume limits;

2) Provide downgradient monitoring points to provide proofiverification that MNA is an effective part of the
remedial strategy at the site;

3) Determine hydraulic conductivity, transmissivity, and groundwater velocity; and

4) Collect data to verify and demonstrate that VOCs from the site are not reaching the Duwamish
Waterway at levels in excess of the site cleanup standards (water quality criteria for protection of fish).

Treatment of groundwater at locations between the EMF site and the west side of Boeing Field is not practical
because of the access constraints posed by the active runways and taxiways of the airport. As a result, most of
the additional investigations (plume delineation, aquifer pumping test) have been focused in the area near the

west side of Boeing Field (some investigations have been implemented in the center of Boeing Field). Section
3.0 describes the specific field investigation activities that have been implemented.
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KCSlip4 43915

SEA410445



2.0 Site Conditions

This section presents descriptions of site conditions. Section 2.1 presents general site conditions. Sections 2.2
through 2.4 address specific site characteristics. Many of these conditions have been characterized by the
previous RIfor the EMF site. As appropriate, the resulls of prior investigations at the EMF site are summarized
in this section. Where required information was not available from previous investigations, additional data were
obtained from the follow-on Rl activities described in this report.

A conceptual site model (CSM) identifying sources of hazardous substances, pathways for contaminant
migration, and potential receptors is shown in Figure 2-1. The information used to develop this CSM, and
interpretations/conclusions drawn from this CSM, are presented in the following sections.

2.1 General Site Conditions

This section presents a summary of site conditions, an aerial photograph of the site and immediate surrounding
area is presented in Figure 1-2. The EMF site consists of that portion of the Boeing Field impacted by the EMF
plume that s located in a west fo southwest direction of the former EMF facility.

Most of the area is paved and served by a storm water collection and conveyance system, the exceptions are
the grassy strips between the runways. The buildings in the area near the EMF site include the south end of the
KCIA arrivals building. On the west side of Boeing Field the buildings include the Fire Station, a guard station at
the gate and several smaller flight delivery structures. Utilities present in the area include storm water collection
and piping, water supply, sanitary sewer, and electric service. The property on the west side of Boeing Field is
bounded to the southwest by East Marginal Way which contains numerous utilities (gas, electric, water,
stormwater, and sanitary sewer).

2.2 Surface Water and Sediments

The nearest surface waler body to the EMF site is the Duwamish Waterway, which is located approximately
3,700 ft to the southwest of the site (~ 1,600 ft from the west side of Boeing Field). Activities at the EMF site are
not expected to result in impacts to surface water or sediments in the Duwamish Waterway. The site is part of
an active airport facility and surfaces are paved. Thus, there are no natural drainage patterns or areas of
erosion or sediment deposition on site. Precipitation falling on the site is collected by on-site storm sewers that
discharge to the Duwamish Waterway.

As shown in the CSM, potential impacts to surface water are related to the fact that shallow groundwater in the
vicinity of the EMF site discharges to the Duwamish Waterway. As will be described in more detail in Section
2.4, VOCs have been detected in groundwater beneath the site at levels in excess of AWQCSs. As a result,
these contaminants have the potential to adversely impact surface water unless concentrations are reduced (by
natural attenuation or other means) before reaching the river. Consequently, cleanup standards for the
groundwater contamination at the site have been based upon protection of surface water quality.

Because groundwater cleanup standards are based on protection of surface water and there are no other

discharges of contaminants to surface water from the site, surface water and sediment quality have not been
specifically addressed in the field investigations.
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2.3 Soils

The EMF site is located in the Duwamish valley. The Duwamish Waterway was dredged to its present course in
the early 1900s and the ancestral channel and tideflat areas were filled with materials sluiced from the present
day channel, as well as nearby upland areas. Based on logs of numerous boring in the area, the hydraulic fill
material appears to be nearly homogeneous at different spatial locations, although some vertical layering is
present.

Sampling data has demonstrated that vadose zone soils at the EMF site (and in downgradient directions) are
not contaminated. As shown in the CSM, VOCs have migrated from the EMF site by means of a stratified
groundwater plume. As a result, VOCs are present in the saturated zone and have notimpacied the vadose
zone. The field screening of soil samples (organic vapor analyzer readings from soil cores) and lab analysis of
soil samples indicate that the vadose zone soils have not been impacted.

2.4 Geology and Groundwater System

Data describing the geology and groundwater system in the vicinity of the EMF site were originally collected
during performance of the Rl for the EMF site. Additional information was collected during subsequent
investigations related to installation of the groundwater treatment systems at the EMF site and in investigations
in the downgradient areas. This information is briefly summarized below. Additional information collected as
part of the Rl and aquifer pumping test for the downgradient plume area is then presented.

24.1 Stratigraphy

EMF Site. The stratigraphy at the site was generally described in the Rl for the EMF site as intermittent fill
undertain by a sand alluvium to a depth of about 30 to 40 feet below ground surface (bgs). The base of the
sandy alluvium reportedly graded to a finer sand with a silt zone in the bottom 5 to 10 feet (an interval located
approximately 30 to 40 ft bgs). The sandy alluvium was reportedly underlain by a silty-clay zone having an
approximate thicknesses of 5 to 10 feet encountered at a depth of about 40 to 45 ft bgs. The silty-clay unit was
encountered in all three borings advanced io this depth at the site during the EMF RI, and water samples
collected beneath this zone contained no detectable VOCs. Core samples collected from the silty clay zone
reportedly indicated an approximate hydraulic conductivity of 3 x 107 cm/sec, thus indicating that this layer is an
aquitard and provides an effective barrier to vertical plume movement.

The geologic cross section prepared for the EMF Rl indicated a localized lens of low permeability soil near the
eastern boundary of the site (from geologic boring SB-24) with more permeable sands above and below the
lens. This is consistent with the observations made to the west where recirculating wells were installed, but the
depth interval where the upper silty layer was encountered is slightly deeper, consistent with a downward dip
toward the west.

Downgradient plume areas. Stratigraphy in the downgradient plume area has been determined from borings
completed after the RI. The general stratigraphy in the area near the west side of Boeing Field is as follows.
The surface consists of concrete and tarmac, which is underlain by varying depths of fill. The fill is underiain by
a silty zone, which extends to a depth of approximately 15 to 20 ft bgs. Materials in this zone appear to consist
of approximately 50% fines (i.e., silt- and clay-sized particles). This zone is underlain by uniform fine to medium
sands, which extend to a depth of approximately 50 ft bgs. Based on particle-size analyses of samples
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collected from this zone, this material contains approximately 1% fines. This zone is then underiain by
interbedded sands and silts. A cross section showing the stratigraphy encountered in the monitoring wells
placed along the west side of the Boeing Field is shown in Figure 2-2. The locations of these wells are shown in
Figure 2-3. Boring logs for the borings installed after the EMF R! and for the pump test are included in Appendix
A. The stratigraphy described above is equivalent with the results of two previous geotechnical investigations
conducted in the immediate area.

As noted above, samples of material from the sandy aquifer zone were collected at the from borings on the
western side of Boeing Field and analyzed for particle-size distribution. The results of these analyses are
presented in Appendix B.

2.4.2 Groundwater Flow

The general direction of groundwater flow at the site is towards the Duwamish Waterway. The groundwater
gradient at the EMF site has previously been mapped based on surveyed well head elevations and depth to
water measurements in wet and dry seasons. Two figures depicting the direction of the gradient in wet and dry
seasons are shown in Figures 2-4 and 2-5. The expected flow direction based the regional groundwater flow
pattern is shown in Figure 2-6. This figure is based on the expectation that the average groundwater flow
direction should be generally perpendicular to the discharge zone along the Duwamish Waterway.

Based on the results of previous investigations, ancestral river channels are present in the Duwamish Valley,
including one at the western edge of the EMF site. The data collected in this Rl indicates that the VOC plume
follows the regional groundwater flow direction (essentially an unchanged path) as it passes over the ancestral
river channel. Based on available data, the presence of this channel does not appear to affect the direction of
groundwater fiow or the general VOC plume migration direction.

As described in Section 2.4.1, a low permeability lens was observed near the bottom of the aquifer at the EMF
site and appeared to divide the aquifer into upper and intermediate zones. Water level data collected after the
EMF Riindicated some hydraulic separation between the upper zone and the intermediate zone based on
piezometric data from well pairs MW-1D/MW-1S and MW-3D/MW-3S; these data are presented in Table 2-1.
Near wells MW-1 and MW-3, which are at the EMF site, the site data indicate a water level difference between
the shallow and intermediate zones of approximately 1 foot with a downward gradient. These data indicale the
presence of a restrictive layer that causes the water level difference. Down gradient from the site (near the EMF
lease property boundary) near well pair MW-11D/MW11-S, the water level difference apparently disappears
between the shallow and intermediate zones.

The hydraulic conductivity of the aquifer where the VOC plume is present near the western side of Boeing Field
was determined from an aquifer pumping test conducted in September 2001. The aquifer pumping test is
presented in Appendix C and indicates a hydraulic conductivity in the range of 400 feet/day (1.4x 10 cm/sec).
Data collected back at the EMF site indicate a hydraulic conductivity that is lower relative to the measured value
on the west side of Boeing Field (based on soil texture and grain size distributions).

Groundwater elevations measured in wells installed near the west side of Boeing Field are shown in Figure 2-7.

Based on these elevations, the hydraulic gradient in this area (i.e., by the fire station on the west side of North
Boeing Field) is 0.0011 ft/ft.
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This gradient and the measured hydraulic conductivity results in a groundwater pore velocity in the range of 600
feetlyear, assuming an effective porosity of 0.25. This estimate of groundwater velocity is generally consistent
with the observed length and estimated age of the contaminant plume. The average groundwater gradient
calculated from the EMF site across Boeing Field is 0.002 ft/t.

Table 2-1. Water Level Measurements From Well Pairs at EMF Site.

111898 | 12599 | aom9 | 72mme | 10999

Well ID Water level elevation, feet NVGD29

EMF-MW-1S 6.35 8.71 8.43 718 6.29
EMF-MW-1D 6.23 7.83 7.18 5.92 5.22
EMF-MW-3S 6.35 B.71 nt nt nt
EMF-MW-3D 5.26 7.82 nt nt nt
[EMF-MW-11S 5.16 7.83 7.03 5.69 4.92
EMF-MW-11D 5.14 7.83 7.02 5.69 4.90

2.4.3 Groundwater Quality

The following sections provide short synopsis of the groundwater quality data. The majority of the water quality
data and interpretation are presented in sections 4 and 5.

24.3.1EMFRI

The initial interpretation presented in the 1997 EMF RI was that the highest levels of VOCs (TCE and
degradation byproducts cis-1,2-dichloroethene [cis1,2-DCE] and vinyl chloride) were encountered in the depth
interval from 8 to 25 ft bgs. The size of the VOC plume was estimated at a diameter of about 100 feet to the
extent where AWQCs would be met and about 300 feet to a diameter where maximum contaminant levels
(MCLs) would be met.

2.4.3.2 Subsequent Groundwater Investigations

Quarterly groundwater sampling has been completed at the on-site EMF wells since 1997. A summary of the
quarterly monitoring data is included in Appendix D The objective of this report is to summarize the additional
investigations completed (VOC plume and geological characterization, Geoprobe investigations, well

installations, pumping test, etc.). The revised interpretation of the VOC plume is presented with the summary of
laboratory results in Section 4.
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3.0 Field Investigations and Sampling

This section identifies specific field activities undertaken during the additional EMF RI. Because the
downgradient extent of contaminant migration was unknown and access to potential sampling locations was
limited (in some areas), the field investigation was conducted in multiple phases. The first phase involved
collection of samples at the downgradient edge of the EMF lease property. Based on positive detection of
contaminants above cleanup standards at this location, the basic conceptual mode! of the site geology and VOC
plume extent was revised. Multiple field investigations in the onsite area and downgradient VOC plume area
were subsequently implemented. The field activities conducted during these six phases are described below.

3.1 Phase 1 Sampling

Phase 1 sampling activities involved collection of groundwater samples at locations near the western edge of
the EMF lease property. These samples were collected to define the presence and the horizontal/vertical extent
of a VOC plume at this downgradient property boundary. Water samples were initially collected from four
locations with multiple samples collected over the vertical profile to a depth of ~ 50 ft bgs. The sampling
locations (designated GP-1, GP-2, GP-3, GP-4) are shown in Figure 3-1. Following review of the analytical
results multiple monitoring wells were installed in this area (MW-11D, MW-11S and MW-13D in the central area
of the plume and MW-12D and MW-14D near the northern and southern plume boundaries).

The wells were installed in boreholes drilled using 8-V-inch outside diameter hollow-stem augers. Samples of
aquifer materials were collected at approximately 5-ft intervals below the water table using a split spoon
sampler. Monitoring wells were constructed inside the hollow-stem augers. Each well was installed with a 10-ft
screened interval, with screen consisting of 2-in. diameter 0.010-in. factory-slotted polyvinyl chloride (PVC)
screen. An end cap was installed on the bottom of each screen. The well casing above the screens consisted
of 2-in. diameter schedule 40 PVC. The wells were completed below grade with the well heads located inside
flush-mount surface monuments. A locking screw-plug well cap was installed in each well. Each of these new
wells installed was surveyed to identify the horizontal coordinates and top of casing elevation.

Groundwater samples were submitted for laboratory analysis of VOCs using U.S. Environmental Protection
Agency (EPA) Method 8260b. Samples for VOC analysis were collected in 40-mL glass septum-top vials with
no headspace, acidified with hydrochloric acid, and preserved by cooling to 4°C or less. Samples were
analyzed at the Boeing Environmental Analysis Laboratory (EAL) ,a laboratory accredited by Ecology.

3.2 Phase 2 Sampling

Phase 2 sampling activities involved collection of groundwater samples at locations on the EMF lease property
focused initially near the suspected TCE release and then including additional downgradient samples . These
samples were collected to define the horizontalivertical extent of a VOC plume in this area. Water samples
were initially collected from 10 locations near the TCE source (multiple samples collected over the vertical
profile to a depth of ~ 45 ft bgs). The general area of the Phase 2 sampling is marked in Figure 3-1 and the
sampling locations are shown in Figure 3-2. All of the sampling in this phase was completed using a Geoprobe

rig.
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Groundwater samples were submitted for laboratory analysis of VOCs using EPA Method 8260b. Samples for
VOC analysis were collected in 40-mL glass septum-top vials with no headspace, acidified with hydrochloric
acid, and preserved by cooling to 4°C or less. Samples were analyzed at the Boeing EAL.

3.3 Phase 3 Sampling

Phase 3 sampling activities involved collection of groundwater samples at additional locations on the EMF lease
to define the extent of the on-site VOC plume. These samples were collected using a Geoprobe rig with multiple
samples over depth. Water samples were collected to define the areas where source control would
subsequently be implemented. The general area of the Phase 3 sampling locations are shown in Figure 3-1.
The sampling in the phase of the investigations was focused on water samples from a depth of about 25 to 45.

Groundwater samples were submitted for laboratory analysis of VOCs using EPA Method 8260b. Samples for
VOC analysis were collected in 40-mL glass septum-top vials with no headspace, acidified with hydrochloric
acid, and preserved by cooling to 4°C or less. Samples were analyzed at the Boeing EAL.

3.4 Phase 4 Sampling

Phase 4 sampling activiies involved collection of groundwater samples at locations within the grassy strip
between the two runways at Boeing Field/KCIA. These samples were collected to define the horizontal extent
(i.e., width) of the plume crossing the grassy strip, as well as the vertical distribution of contaminants in the
aquifer beneath the grassy strip. Samples were collected from six locations, shown in Figure 3-3. A Geoprobe
rig was used fo collect these samples. Previous sampling east of this location (from the prior phases of
investigation) had shown the plume to be stratified at an interval between 35 and 45 ft bgs. Based on this
information, samples were collected beginning at a depth of 30 ft bgs. Samples were then collecied at
approximate 10 ft intervals until the iow permeability layer underlying the aquifer was encountered. Three
samples were collected at each location. These samples were collected at depths of 30 ft, 40 ft, and 45 or 47 ft,
depending on site stratigraphy.

Groundwater samples collected using the Geoprobe rig were analyzed for VOCs and chloride ions. VOC
analysis was performed to determine the concentrations of TCE and degradation products in groundwater at
various depths and locations. Chloride analysis was performed to determine concentrations of chloride, which
is a byproduct of reductive dechlorination, believed to be the principle degradation mechanism of TCE in
groundwater at the site.

Groundwater samples were submitted for laboratory analysis of VOCs using EPA Method 8260b and chioride
ions using EPA Method 300.0. Samples for VOC analysis were collected in 40-mL glass septum-top vials with
no headspace, acidified with hydrochloric acid, and preserved by cooling to 4°C or less. Samples for chloride
ion analysis were collected in 500-mL polyethylene bottles. Samples were analyzed at the Boeing EAL

This sampling was completed in November 2000. Field work in this active runway area required closing of the
airport and therefore only Geoprobe samples were collected (no wells were installed due to the access
restrictions). The sampling was completed over a series of the 3 nights (the airport could only be closed for a
few hours each night).
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The Boeing EAL provided ~ 12 hour turn around for the first two nights of sampling and the results were
evaluated prior to additional sampling. All of the sampling locations included multiple samples collected over
depth and all sampling locations utilized field screening to identify the vertical interval where the highest VOC
concentrations were present.

3.5 Phase 5 Sampling

Phase 5 sampling activities involved collection of groundwater samples at locations along the western side of
Boeing Field. These samples were collected to define the horizontal extent (i.., width) of the plume in the area,
as well as the vertical distribution of contaminants in the aquifer in this area. Samples were collected from
seven locations, as previously shown in Figure 3-3. Sample locations were based on the expected location of
the plume, as projected using the results of the Phase 4 sampling. As during Phase 4, samples were collected
using a Geoprobe rig. Based on the results of the prior sampling, Phase 5 samples were collected over the
same vertical interval as Phase 4 (i.e., from 30 ft bgs downward at 10 ft intervals). From two to four samples
were coliected at each location, depending on site stratigraphy.

Groundwater samples were submitted for laboratory analysis of VOCs using EPA Method 8260b. Samples for
VOC analysis were collected in 40-mL glass septum-top vials with no headspace, acidified with hydrochloric
acid, and preserved by cooling to 4°C or less. Samples were analyzed at Analytical Resources Inc. (ARI), a
laboratory accredited by Ecology.

3.6 Phase 6 Sampling

Phase 6 field activities included installation of five new monitoring wells near the west side of Boeing Field.
These wells were installed at the locations indicated in Figure 3-4. Four of the well locations are along the
weslern boundary with west Marginal Way, where there had been no previous soil or groundwater sampling. As
aresult, Geoprobe borings were installed in this area to confirm the stratigraphy and collect groundwater
samples. Geoprobe locations are identified as A, B, C, and D in Figure 3-4. Groundwater samples were
analyzed for VOCs, as described above for Phases | and Ill. The final well locations were determined based on
the results of analysis of these samples. In addition to these four wells, one additional well was installed
upgradient along the approximate centerline of the plume. This upgradient well was installed to collect
groundwater elevation data needed to determine the hydraulic gradient across the area. In addition to the water
samples described above, samples of the aquifer material were also collected from the Geoprobes in order to
determine particle-size distributions using American Society for Testing and Materials (ASTM) Method D422-63.

The wells were installed in boreholes drilled using 8--inch outside diameter holiow-stem augers. Samples of
aquifer materials were collected at approximately 5-ft intervals below the water table using a split spoon
sampler. Monitoring wells were constructed inside the hollow-stem augers. Each well was installed with a 10-ft
screened interval, with screen consisting of 2-in. diameter 0.010-in. factory-slotted polyvinyl chloride (PVC)
screen. An end cap was installed on the bottom of each screen. The well casing above the screens consisted
of 2-in. diameter schedule 40 PVC. The wells were completed below grade with the well heads located inside
flush-mount surface monuments. A locking screw-plug well cap was installed in each well.
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3.6.1 Aquifer Pumping Test

The aquifer pumping test was conducted based on the recommendations of the project peer review team to
measure the hydraulic conductivity of the aquifer in the area of interest. The conductivity determined from the
fest is one of the key parameters used in transport and degradation rate constant calculations, as well as for
design of any remedial actions deemed necessary. The aquifer pumping test was conducted in the specific
stratigraphic interval of the aquifer where the EMF VOC plume is present. This vertical interval of the aquifer is
expected to have a higher hydraulic conductivity (relatively) than other portions of the aquifer (based on visual
observations of the soil texture and comparison of grain size distributions).

The test was conducted in three parts consisting of a step-drawdown fest, a constant rate test, and a recovery
test. The step-drawdown test was conducted by pumping the extraction well at increasing flow increments and
measuring drawdown over time in the extraction well. The constant rate test was conducted by pumping the
extraction well at a constant rate for a period of 24 hours. The water levels in five wells were monitored during
the constant rate test. The recovery test began immediately after completion of the constant rate test. The
recovery test was conducted by measuring recovery of the drawdown in the extraction well and observation
wells over time after cessation of pumping.

Well EMF WF-35, a 4-inch diameter well, was used as the extraction well. Four 2-inch diameter wells were
used as observation wells:

EMF WF-27 29 feet from EMF WF-35
EMF WF-26 92 feet from EMF WF-35
EMF WF-28 174 feet from EMF WF-35
EMF WF-29 259 feet from EMF WF-35

3.7 Quality Assurance

The quality assurance (QA) and quality control (QC) activities conducted during the Rl indicated no concems
with respect to the usability of the Rl data. Some of the samples required dilution in order to bring the sample
concentration within the instrument calibration range. In these cases (i.e., where high VOC levels were present)
some of the detection limits were elevated for other VOC compounds. This required dilution for analysis was
only used in cases where VOCs were found to be at elevated levels. Therefore increased detection limits for
other compounds are not of concern because they are within the plume where action levels are to be set by the
VOCs that are present at high levels. Specific QA/QC activities are results are summarized below.

Samples were analyzed for VOCs using EPA method 8260b. The samples were labeled , sealed under chain of
custody and delivered to the Boeing EAL or ARI on the day of collection. All samples were found to be intact on
delivery to the EAL or ARI. The samples were preserved with hydrochloric acid, as specified in the project
QAffield sampling plan (FSP). Analysis of all VOC samples was completed within the required 14-day holding
time limit.

Laboratory QC has included surrogate spikes and analyses of method blanks, matrix spikes, matrix spike

duplicates, and laboratory control samples (LCS). The surrogate recoveries and LCS results were all within the
laboratory acceptance limits set by the lab. All VOCs were below method detection limits for all method blank
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samples. Results of analysis of matrix spikes and matrix spike duplicates were all within the laboratory
acceptance limits for set by the lab.

Field QC activities included collection of field duplicate samples. The field duplicates taken during the different
sampling events were all within the project QA/QC goals specified in the project QA/FSP.
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40 Summary of Investigation Results

The section provides a brief summary of the new site characierization data collected and general interpretation
of the results. The data are presented sequentially for the 6 phases of added field investigations that have been
implemented.

4.1 Phase 1 Results and Interpretation

The first downgradient sampling was focused at the downgradient lease boundary of the EMF property. One
existing well in the area (MW-5) indicated low levels of VOCs (at or near detection limits) but the well was
completed at a shallow depth (~ 20 ft bgs). The subsequent sampling in this area during May 1999 included
one-time Geoprobe samples and installation of monitoring wells (MW-11S, MW-11D and MW-13D). This lease
property boundary is near front of where the UPS planes are parked in the area. The Geoprobe sampling
included multiple samples collected over the depth of the aquifer from about 20 to 50 ft bgs.

The resutts from the VOC sampling in this area are shown in Figures 4-1, 4-2, and 4-3 as vertical cross
sections of the plume. Figure 3-1 presents the sampling locations in plan view. The results from this initial
round of downgradient characterization and sampling indicated the following:

1) The VOC plume from the site was larger than anticipated in the initial RI/FS (1997) and the VOC plume
extends beyond the lease property boundary.

2) The analytical results from the sampling indicated a thin, highly stratified VOC plume. The VOC plume was
encountered at a depth of about 35 to 45 feet bgs and the VOC concentrations in this zone were in the
range of 20,000 to 100,000 ..g/L for the expected degradation byproducts. Monitoring wells in the shallow
zone indicate low levels of VOCs in the range of 100 ..g/L at a depth of 10 to 15 ft bgs.

3) These downgradient data indicate that the VOC plume was almost entirely converted from the initial TCE
compound into the subsequent daughter products cis1,2-DCE and vinyl chioride.

The centerline of the plume migration pattem was mapped based on the results of Geoprobe sampling data
collected after the EMF RI. As noted above, VOC sampling results indicated that TCE from the initial release
area is being converted to the degradation products ¢1,2DCE and vinyl chloride. Data characlerizing
concentrations of TCE and degradation daughter products at various distances downgradient of the EMF
source area, along with groundwater velocity were used to estimate first-order contaminant degradation rates.
A first-order contaminant degradation model was developed and calibrated with the field data.

4.2 Phase 2 Results and Interpretation

The next phase of site investigation was focused at better delineation of the initial source area and peak
concentrations in the on-site plume. This sampling was completed during February 2000 using a Geoprobe rig
for collecting discrete groundwater and soil samples at numerous on-site locations and multiple depth intervals.
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All sampling locations in this phase included field screening of multiple samples collected over depth and
submitting water/soil samples for VOC analysis at the Boeing EAL. The field screening involved headspace
analysis of a one-half full 40 ml VOA bottle using a photo ionizing detector (PID). Comparison of the analytical
laboratory results with the field screening PID measurements demonstrated that the screening fest was a
reliable semi-quantitative measure of the presence of VOCs in groundwater at the site.

The first area investigated surrounded the location where separate phase TCE was recovered when the
recirculating well treatment system was installed. This location was investigated in greater detail because TCE
as a NAPL was confirmed present in the area (prior sampling and TCE recovery when the initial treatment
system was started in 1997). At the time, preliminary plans were considering use of chemical oxidation in this
area and detailed data were collected to map the three-dimensional location and extent of contamination. This
sampling area surrounded existing treatment well NV-1. The location of sampling points (designated OXP1
through OXP10) are shown in Figure 3-2. Prior sampling locations from the EMF RIFS (1997) are designated
as GP14, GP27, efc. in Figure 3-2. The analytical results from this sampling are presented in Tables 4-1 and 4-
2. Table 4-2 is a subset of Table 4-1 with only the data from locations closest to the point where TCE NAPL was
recovered previously.

Additional sampling conducted at the same time included three Geoprobe sampling locations (designated GP-
31, GP-32, GP-33) at positions between the downgradient treatment well (NV-2) and the lease property
boundary where elevated VOC concentrations were detected in the prior Phase 1 sampling. The laboratory
results from samples these samples are presented in Table 4-3.

The results from this phase of the site sampling and characterization indicated the following:

1) The initial area of the known TCE release (the location where TCE NAPL was recovered) no longer
contains the highest concentrations.

2) In the immediate vicinity of the known TCE release location, the concentrations are reduced to levels that
are no longer indicative of a continuing NAPL source in the area. Peak concentrations in groundwater are at
concentrations less than 0.5% of the TCE solubility limit and extensive vertical and horizontal sampling has
been conducted in the immediate area.

3) The highest VOC concentrations were detected downgradient of the existing treatment system area of
influence. Peak concentrations of ~ 400,000 .g/L total VOCs were detected.

4) The site data indicate that the TCE is being rapidly degraded to the expected daughter products of cis1,2-
DCE and vinyl chloride. At the source area TCE comprises almost 100% of the total VOCs, TCE in the
downgradient samples is in the range of 0.1% to 0.5% of the total VOCs detected for the samples with high
VOC levels.

5) The conceptual model of the site geology and plume distribution must be revised to reflect the observations
of the thin stratified plume and the presence of a semi-confining layer at about 30 to 35 ft bgs. The revised
conceptual model of site conditions is presented (as a cross section ) in Figure 4-4.

6) The existing downgradient treatment well (NV-2) was completed in the upper aquifer zone and would not
control the plume migration below the semi-confining layer present at 30 to 32 ftbgs. The majority of the
VOCs are present in a permeable zone located about 35 to 45 ft bgs. Based on this interpretation, the
existing NV-2 well was closed and replaced with a deeper well completed to a depth of 43 ft bgs. This well
closure and replacement was completed in April 2000.
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Table 4-1 Results from Geoprobe Samples
Collected Near Known TCE Release Area, 2/12/2000

| VOC compounds g/l JI
llocation |depth ft[TCE le12,DCE [t12,DCE Win vy |
l chloride
OXP01-22] 19-23 1,160 1,444 0 13
-28] 25-29 5,900 5,750 0 285
-33] 31-35 1,340 263 13 0
-38] 36-40 0 13,150 1,855 5,050
OXP02-22| 20-24 418 108 0 17
27| 25-29 2,645 2,690 0 165
-33] 33-37 4] 3,880 795 3,565
OXP03-29] 27-31 135 4 580 0 105
-35] 33-37 160 6,210 1,780 6,350
OXP04-24] 22-26 3,955 275 0 100
-28] 28-32 5,600 65 0 0
-36] 34-38 29 33 3 0
OXP05-28] 26-30 1,805 80 0 0
-33] 31-35 824 100 0 0
‘ -38[ 3640 1" 1,150 77 0
OXP06-26| 26-30 1,543 112 0 0
-33] 32-36 972 70 0 0
OXP07-22| 20-24 12 28 6 30
-30] 28-32 65 21 2 0
-36] 34-38 3 35 6 0
OXP08-24| 22-26 | 602 5 3 0
-32| 30-34 3 0 0 0
OXP10-24| 22-28 1,220 0 0 0
-32] 30-34 4 0 0 0
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Table 4-2 Data from Sampling Locations Closest
to Known TCE Release Area, 2/12/2000

t | _____Water concentration in «g/L
Focation '|[depth ft bgs[TCE ﬁc12,DCE M2DCE (v iny]
chloride
OXP01-22] 19-23 1,16 1,444 0 13
28] 2529 5,800 5,750 0 2865
-33] 31-35 1,340 263 13 0
-38] 3640 0 13,150 1,855 5,050 |
OXP04-24] 22-26 3,055 275 0 100
28] 28-32 5,600 65 0 0
-36| 34-38 20 33 3 0
OXP07-22| 2024 12 28 6 30
-30] 2832 65 21 2 0
-36] 34-38 35 ~ 6 0
vinyl
TCE ¢12,DCE | t12DCE | chloride
average] 1,806 2,106 189 548
max] 5900 | 13,150 | 1,855 5,050 |

Table 4-3 Results from Down Gradient Geoprobe

Samples Collected on 2/12/2000
'_ VOC compounds ng/L
location [depth CE 12,DCE |t 12,DCE vinyl
ft bgs chloride
GP31 30-34 186 1,530 _l:l 1,600
36-40 500 281,000 | 16,800 86,600
GP32 3&34 925 6,000 635 2,540
36-40 250 84,500 6,200 24,050
GP33 30-34 230 1,930 400 5,300
36-40 1,000 78,800 25,600 89,800
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4.3 Phase 3 Results and Interpretation

The next phase of site investigation was focused at better delineation of the distribution and boundaries of the
on-site plume. This sampling was completed using a Geoprobe rig for collecting discrete groundwater and soil
samples at numerous on-site locations and multiple depth intervals. All sampling locations in this phase included
field screening of multiple samples collected over depth and submitting water/soil samples for VOC analysis at
the Boeing EAL.

The sampling conducted in this phase was initiated to define the extent of the high concentrations present in the
VOC plume (data needed for planning/design of source treatment remedial actions) and data to define the
boundaries of the plume. The sampling locations were selected using an observational approach where a limited
number of locations were sampled ( between 6 and 9 in one day) and the results were evaluated prior to
additional sampling. The Boeing EAL provided 1-day turn around for the key sampling events. All of the
sampling locations included multiple samples collected over depth and all sampling locations utilized field
screening fo identify the vertical interval where the highest (if any) VOC concentrations were present.

A total of 27 new Geoprobe sampling locations were tested in this phase (designated GP-34 through GP-60)
during March and April 2000. The locations were spread across the EMF site and downgradient areas . The
western most locations were at the eastern taxiway (near the tail end of the parked UPS planes, designated GP-
41 GP-42, GP43) and the southern most locations were near the southern plume boundary (locations designated
GP-49, GP-50). The western most sampling locations (GP-41,GP-42,GP-43) are located on the on the west side
of the former stream channel which cut through the area before the Duwamish Waterway was redirected to is
present course.

The analytical results from this phase of sampling are presented in Figures 4-5, 4-6 and 4-7. The analytical data
presented in these figures are the peak concentrations detected over the vertical profile tested. The number of
laboratory samples collected over depth varied from between two and four depending on the location. One
sampling location in the central area of the plume (i.e., an area with the highest concentrations in the overlying
aquifer), GP-38, was exiended through the underlying aquitard found at ~ 45 to 55 ft bgs. Soil and water
samples collected below the aquitard indicated non-detect levels for VOCs. This sampling location was closed
by injecting grout under pressure in a tremie pipe from the bottom of the boring upward as the Geoprobe rod was
removed.

The resuilts from this phase of the site sampling and characterization indicated the following:

1) The vertical elevation of the VOC plume remains in a thin stratified plume present at about 35 to 45 ft bgs.

2) The western most sampling locations (GP-41 GP-42, GP43, at the eastern taxiway near the tail end of the
parked UPS planes) indicate that the plume migration pattern appears to maintain the same direction after
passing over the location of the former stream channel. The minimum plume width was estimated based on
these sampling locations. VOC data from these locations indicated that the plume width in this area was a
least 250 feet wide.

3) The southern most sampling locations (GP-49, GP-50) define the southern plume boundary with all VOCs
near or below detection limits.
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4) Soil and water samples collected from the deeper aquifer zone (GP-38) indicate that the VOC plume has not
migrated through the underlying aquitard. This is consistent with prior samples collected in the 1997 EMF R,
This sampling location is located in the central area of the plume with peak VOC concentrations present in
the overlying aquifer.

4.4 Phase 4 Results and Interpretation

Based on the revised conceptual model of the VOC plume, the next phase of sampling was planned on the
western side of Boeing Field. Following review of the investigation work plan by King County, the plan was
modified to include sampling in the middle of Boeing Field (between the runways). This phase of sampling
involved collecting groundwater samples from Geoprobe borings installed in the grassy strip between the two
active runways, approximately 1,000 ft downgradient of the EMF source area.

The samples were collected during November 2000 from six locations across the projected location of the plume.
The boring locations in this area were designated CF-1, through CF-6 ( the CF designation stands for Center of
Field), sample locations are shown in Figure 3-3. The sampling and analysis results are presented in Table 4-4
and Figure 4-8. The analytical results from the samples indicated VOCs in excess of AWQCs from boring CF-1
northward to boring CF-5, a distance of approximately 400 ft. Boring CF-1 was placed at the estimated location
of the centerline of the plume, as based on results of previous groundwater sampling and the groundwater
gradient at the EMF site. Based on the results shown in Table 4-4 and Figure 4-8, the actual centerline of the
plume actually appears to be in the vicinity of boring CF-2, approximately 150 ft northwest of the initial estimate.
This revised centerline location is consistent with the regional groundwater gradient, as it is approximately
perpendicular to the Duwamish Waterway (see Section 2.4.2).

As shown in Figure 4-8, concentrations of VOCs above AWQCs were generally limited to the depth interval 40 to
44 ftbgs, but were also detected in the interval 47 to 51 ft bgs in one location (Boring CF-4). The concentrations
of vinyl chloride detected in the samples from 40 to 44 ft bgs were generally one order of magnitude or more
higher than the concentrations in the samples from 30 ft bgs. Similarly, in Borings CF-1, CF-2, and CF-5, the
vinyl chioride concentrations in samples from 40 to 44 ft bgs were also one or more orders of magnitude higher
than the concentrations in samples from 47 to 51 ft bgs. These results are indicative of a stratified plume, which
is consistent with previous upgradient sampling results from the EMF site. The results of the chloride analyses
showed no clear relationship between chioride concentrations and VOC concentrations.

The results from this phase of the site sampling and characterization indicated the following:
1) The vertical elevation of the VOC plume remains in a thin stratified plume present at about 40 to 50 ft bgs.

2) VOC data from these locations indicate that the plume width in this area was approximately 500 feet wide (at
levels above the AWQCs).

3) Peak concentrations of cis1,2-DCE were detected at 30,000 wglL and vinyi chloride at 8,600 .g/L. The
locations where the peak concentrations were detected are not co-located. TCE was also detected at one
location at a level of 11,000 /L (~25% of the total VOCs present) , this detection was somewhat surprising

because it indicated that in this specific location the TCE was not fully degraded to the expected daughter
products (as upgradient sampling locations had indicated).
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Table 4-4. Summary of Analytical Results From Phase 4 Sampling.

Sampling depth | TCE ¢1,2DCE | Vinyl chloride | Chloride
Location Name [Description | interval, fthgs | gl | gl _ugh mglL
CF-3 southern- [150 ft SE of 30--34 <50 <50 105 25
most location  lestmated 40-44 <1.0 <1.0 25 320
centerline 47 - 51 <1.0 <1.0 <1.0 2000
CF-1 nitial estimate 30-34 <1.0 34 32 3.0
f centerline 40-44 520 10,000 1,300 35
45-49 <1.0 26 170 730
45 - 49 duplicate | <1.0 38 170 700
CF-2 150 ft NW of 30-34 <5.0 26 480 12
estimated 40 - 44 11,000 30,000 2,000 68
centerline 47 - 51 1.1 1.6 77 1,300
CF-4 350 ft NW of 30-34 <1.0 <1.0 45 14
estimated 40-44 <100 <100 8,600 32
centerline 47 - 51 <100 1,900 5,500 NS
CF-5 500 ft NW of 30-34 <1.0 8.4 44 13
estimated 40-44 <5.0 <5.0 840 100
Centerline 47 - 51 <1.0 <1.0 42 700
CF-6 650 ft NW of 30-34 <1.0 57 160 13
northern most  jestimated 40-44 <1.0 <1.0 1.0 200
location centerline 47 - 51 <1.0 <1.0 <10 780

Shaded cells contain values exceeding cleanup standards. The standards set for protection of aquatic resources and beneficial
use of groundwater discharging to the Duwamish Waterway are 2,000 g/ TCE; 220,000 ugll c1,2DCE; and 525 gh. vinyl

chloride.

4.5 Phase 5 Results and Interpretation

The next phase of sampling was collecting groundwater samples from Geoprobe borings installed on the west
side of the active runways and taxiways, approximately 1,800 ft downgradient of the EMF source area. This
sampling was completed in February 2001. Samples were collected from seven locations across the projected
location of the plume and were collected at several depths, based on the vertical distribution of contaminants at
upgradient sample locations. Sample locations are shown in Figure 3-3 and sampling and analysis results are
presented in Table 4-5 and Figure 4-9.

The results indicate VOCs in excess of AWQCs in samples from Borings WF-4 and WEF-5, which were placed
near the estimated location of the plume centerline, as determined from the results of the prior sampling and

regional groundwater gradient. These boring locations are downgradient of Boring CF-4, and appear to confirm

the migration of the centerline of the VOC plume.
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The vertical distribution of VOCs was similar to that from prior investigations, with concentrations above AWQCs
being detected in samples from 40 to 44 ft bgs (WF-4 and WF-5) and 50 to 54 ft bgs (WF-5 only). Again, the
results are consistent with the presence of a stratified plume with the highest concentrations in samples collected

between 40 and 50 feet bgs.

Table 4-5. Summary of Analytical Resuits From Phase 5 Sampling.

Sampling depth TCE ¢1,2DCE Vinyl
Location Name & Description interval, ft bgs ugll ugll chiloride ..g/L
WF-1 Southern most location, 30-34 <1.0 <1.0 18
South of blast fence 40-44 <1.0 <1.0 24
WF-2 Along fence after storage 30— 34 <1.0 <1.0 36
lockers 30 - 34 duplicate <1.0 <1.0 40
40-44 <1.0 <1.0 6.85
WEF-3 Along fence in security parking 30- 34 <1.0 <1.0 12
area 40-44 <1.0 <1.0 20
50 - 54 <1.0 <1.0 39
WF-4 Near estmated centerline of 30-34 <10 780 150
VOC plume 40-44 3,000 9,100 1,200
50-54 <1.0 <1.0 37
WF-5 Near estimated centerline of 40 - 44 <50 1,200 2.200
VOC plume, (1% light stand in 50-54 <100 290 6,000
delivery area) 50 - 54 duplicate <100 320 6,400
60-64 <1.0 <1.0 83
WF-6 (2"light stand in delivery area) 40-44 <1.0 <1.0 20
50 - 54 <1.0 <1.0 15
WF-7, northern most location, (3™ 27-31 <1.0 <1.0 25
light stand in delivery area) 37-4 <1.0 <1.0 1.2
47 -51 <1.0 <1.0 <1.0
64 — 68 <1.0 <1.0 <1.0

Shaded cells contain values exceeding cleanup standards. The standards set for protection of aquatic resources and beneficial
use of groundwater discharging to the Duwamish Waterway are 2,000 gL TCE; 220,000 n.gA ¢1,2DCE; and 525 1.gh. vinyl

chloride.

The concentrations of VOCs in the Phase 5 samples are lower than the concentrations in corresponding
upgradient Phase 4 samples. The previously-developed degradation model was used to predict maximum VOC
concentrations along the plume centerline and VOC concentrations along the plume cross-sections sampled
during Phases 4 and 5. These results are shown in Figures 4-10, and 4-11 respectively. These model-predicted
concentrations are based on a total VOC half life of 19 months and show good agreement with measured
concentrations. These model results indicate that the VOC plume should continue to undergo significant
concentration reduction due to natural degradation between the western side of Boeing Field and the Duwamish

Waterway.

EMF Data Summar2.wpd

41

1/16/02

KCSlip4 43952

SEA410482



€8v0LyvV3aS

£66sP PAIISOM

Total VOC concentration ( ug/L)

140,000

L b} -
l' ’
120,000 ’ . Modeled VOC plume X-section at 900
" N ft with 1st order degradation (haif-iife
! . = 19 months)
. " Y A Field measured VOC plume X-section
, . at 900 ft
100,000 ’ ' = = = Modeled VOC plume X-section at 900
' \ ft with no degradation, this model does
' not fit the field data
¥ A
’ 1
80,000 ! :
I 4 ]
'l |‘
r A Y
60,000 - ’ !
1] 1
[ A
’ A}
’ 1
» A -
40,000 . x
'} -
’ A\ ]
’ )
’ Y
’ \
20,000
0 7 T T T
-500 -400 -300 -200 -100 0 100 200 300 400

Distance (ft) from center of plume

500

Figure 4-10 Measured and Modeled VOC Plume Cross section at 900 ft From Source
42




y8Y0L¥V3IS

yS6sy PAIISOM

Total VOC concentration ( ug/L)

120,000

100,000

Modeled VOC plume X-section at 1900 ft with 1st
order degradation (half life = 19 months)

A Field measured VOC plume X-section at 1900 £t I

= = = Modeled VOC plume X-section at 1900 ft with no
degradation, this model does not fit the field data

80,000

60,000

40,000

20,000

-450 -300 -150
Distance (ft) from center of plume

150 300 450 600

Figure 4-11 Measured and Modeled VOC Plume Cross Section at 1800 ft From Source

43



The results from this phase of the site sampling and characterization indicated the following:
1) The vertical elevation of the VOC plume remains in a thin stratified plume present at about 40 to 55 ft bgs.

2) VOC data from these locations indicate that the plume width in this area was approximately 300 feet wide (at
levels above the AWQCs).

3) Peak concentrations of cis1,2DCE were detected at 9,100 1.g/L and vinyl chloride at 6,400 /L. The
locations where the peak concentrations were detected are not co-located. TCE was also detected at one
location at a level of 3,000 .g/L (~22% of the total VOCs present).

4.6 Phase 6 Results and Interpretation

The Phase 6 activities included installation and sampling of new monitoring wells (6 wells) in April 2001 at/near
the western side of Boeing Field , geologic characterization, collecting soil samples for grain size analysis, and
conducting an aquifer pumping test. Five of the new wells were located along the western (i.e., downgradient)
boundary of the airfield along West Marginal Way. The sixth well was located upgradient of these, at the WF-5
sampling location from Phase 5, in order to provide groundwater elevation data with which to determine the
gradient across the area. Prior to installing the wells along the western boundary, four Geoprobe borings were
installed at preliminary well locations. These Geoprobe locations are identified as A, B, C, and D in Figure 4-12.
Groundwater samples were collected at selected depths from these borings. The final well locations were
selected based on results from laboratory analysis of these samples. Wells EMF-WF-26, EMF-WF-27, and EMF-
WF-28 were located at Geoprobes B, C, and D, respectively. Well EMF-WF-25 was located to the northwest of
Geoprobe A. Well EMF-WF-29 was located to the east (to provide water level data for calculating the gradient in
the area). Well EMF-WF-35 was later installed 29 feet north of well EMF-WF-27 as a four inch well to be used as
an extraction well during the pumping test.

Based on review of analytical data from these locations, the project peer review team suggested that higher data
density may be appropriate in this area of the plume in order to identify peak VOC concentrations that could be
present (the existing sampling locations were spaced on 125 ft centers). In order to satisfy this additional data
need, four more Geoprobe locations were sampled in the central area of the plume to provide a higher density of
samples (~ 40 ft centers) within the area of the plume with the highest VOC concentrations. Well locations are
also shown in Figure 4-12.

Groundwater samples were collected during August 2001at various depths from the seven Geoprobe borings
and were analyzed for VOCs. These results, along with three of the wells, are presented in Table 4-6 and Figure
4-13. These results are consistent with the previous sampling in terms of the vertical and horizontal distribution
of VOC contamination. Based on the results of this sampling, the VOC plume (i.e., concentrations above
AWQCs) is expected to be approximately 300 ft wide at the western boundary of Boeing Field.

Monitoring wells were then installed and sampled. Groundwater samples were analyzed for VOCs, as well as
general water quality parameters relevant for evaluation of remedial fechnologies. The results of the VOC
analyses are presented in Table 4-7 and Figure 4-14. Results of general water quality analyses are presented in
Table 4-8.
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Table 4-6. Summary of Analytical Results From Phase 6 Geoprobe Sampling.

Sampling
depth interval, TCE ¢1,2DCE Vinyt chloride

Location Name & Description ftbgs uglL ugiL ugll
WBF-A, Northern most location (a well was 25-29 <1.0 <1.0 <1.0
not completed at this location) 35-39 <95 <25 1,400
{28 March 2001) 45-49 <1.0 <1.0 52
WF-12, Central area of plume (a well was 21-26 <10 <10 16
not completed at this location) 31-35 <10 <10 180
(29 August 2001) 41-45 <10 4 1,400
WF-13, Central area of plume (a well was 21-25 <10 <10 <1.0
not completed at this location) 31-35 <1.0 10 220
(29 August 2001) 31-35 (dup) <1 9.9 210

41--45 <1.0 2700 2,200

51-55 <1 <1 94
WBF-B, Central area of plume (completed 30-34 <10 54 570
as Well EMF-WF-26) 40-44 62 10,000 1,600
(28 March 2001) 40 - 44(dup) <100 11,000 1,700

50-54 <1.0 <10 <1.0
WF-14, Central area of plume (a well was 21-25 <1.0 10 42
not completed at this location) 31-35 <1.0 <1.0 180
(29 August 2001) 41-45 230 3,900 900
WF-15, Central area of plume (a well was 21-25 <1.0 10 <1.0
not completed at this location) 31-35 <1.0 10 34
(29 August 2001) 41-45 <1.0 2,400 670
WBEF-C, Central area of plume (completed 25-29 <1.0 <1.0 25
as Well EMF-WF-27) 3H-39 <10 82 720
(28 March 2001) 45-49 <50 820 1,700

55-59 <1.0 <1.0 43
WBF-D, Southern mostlocation, behind Fire 25-29 <1.0 <1.0 1.7
Station (completed as Well EMF-WF-28) 35-39 <1.0 <1.0 7.8
(28 March 2001) 45-49 <1.0 <1.0 <1.0

Shaded cells contain values exceeding cleanup standards. The standards setfor protection of aquatic resources and beneficial
use of groundwater discharging to the Duwamish Waterway are 2,000 g/l TCE; 220,000 n.g/L ¢1,2DCE; and 525 gL vinyl
chioride.
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Table 4-7. Summary of Analytical Results, Phase 6 Groundwater Sampling of Wells on West Side of Boeing Field, April 2001.

Screened
Well Number and Location Interval, ft bgs TCE, g/l c1,2DCE, ..g/L Vinyl chioride, ugiL
EMF-WF-25, Northem most 35-45 <1.0 13 120
location
EMF-WF-26, Central area of 37-47 44 5,600 1,300
plume
EMF-WF-27, Central area of 36-46 <10 1,500 1,300
plume
EMF-WF-28, Southem most 35-45 <1.0 <1.0 20
location
EMF-WF-29, Central area of 39-49 14 1,100 2,500
plume, = 200 ft east of other welis
EMF-WF-35, Pump test well 35-45 <1.0 1,300 260

Shaded cells contain values exceeding cleanup standards. The standards set for protection of aquatic resources and beneficial
use of groundwater discharging to the Duwamish Waterway are 2,000 g/ TCE; 220,000 n.g/. ¢1,2DCE; and 525 g/l vinyl

chloride.

Table 4-8. Results of General Water Quality Analyses from Wells on West Side of Boeing Field (April 2001).

Concentration, mg/L
Analyte EMF-WF-26 EMF-WF-27 EMF-WF-28 EMF-WF-29 Average
Calcium 482 38.1 218 258 335
Iron 18.7 19.1 24.7 21.6 210
Magnesium 21.8 194 16.7 16.8 187
Potassium 83 7.3 10.7 7.7 85
Sodium 69.2 419 86.3 85.6 708
Alkalinity (as CaCO;) 250 240 230 250 240
Total dissolved solids 440 330 400 370 380
Chloride 80 30 51 53 54
Nitrate N <0.010 <0.010 <0.010 <0.010 <0.010
Nitrite N 0.01 0.01 0.031 0.012
Nitrate plus nitrite N 0.016 0.027
Sulfate 95 10 13 1 10.9
Total Organic Carbon 89 7.2 10 7.3 84
Dissolved Organic Carbon 6.2 48 53 44 5.2
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4.6.1 Grain Size Samples

Soil samples were collected at various depths during drilling in this phase and submitted 1o a geotechnical
laboratory for grain size analysis. The results of the grain size analyses were used to calculate the coefficient of
uniformity (C,, the ratio of the diameter at which 60% of the soil pariicles are finer, Dg;, to the diameter at which
10% are finer, D,y). The grain size results (presented in Appendix B )indicate that the aquifer materials are
generally within the size range of fine sand (0.075 mm to 0.4 mm) and medium sand (0.4 mm to 2.0 mm). The
D, values are all within the size range of fine sands, the grain size curves typically indicate about 1percent fine
material (silts and clays) in samples. The uniformity coefficients are all low, indicating that the materials are
poorly graded (well sorted). Poor grading of sands is indicated by a uniformity coefficient of 6 or less (Terzaghi
and Peck, 1967). Based on the results of the grain size analysis, the aquifer materials would be expected to be
fairly permeable.

A group of grain size samples collected in the EMF RI (1997) were evaluated for relative comparison with the
samples collected on the west side of Boeing Field. The average D,, values from samples from the EMF site are
about one half the values from samples collected on the west side of Boeing Field. The grain size curves
typically indicate about 5 to 10 percent fine material (silts and clays) in samples which is higher than the samples
from the west side of Boeing Field. These general characteristics of the grain size distributions provide a
qualitative indication the that aquifer materials at the EMF site are a lower permeability than the materials on the
west side of Boeing Field.

4.6.2 Aquifer Pumping Test

The observed hydraulic response of the aquifer is consistent with the expected response as a leaky confined
aquifer. Based on the these data, the hydraulic conductivity of the aquifer is expected to be approximately 400
fiday (1.4 x 10" cmisec). A leakage response appears to have been observed in the extraction well. This
conclusion is based on the shape/inflections of the time vs. drawdown curve and the time ratio (tt) intercept of
the zero residual drawdown (s’) in the recovery test. The complete summary of the aquifer pumping test
procedures/data analysis and conclusions is provided in Appendix D.

4.6.3 Summaryl/interpretation of Phase 6 Data
1) The vertical elevation of the VOC plume remains in a thin stratified plume present at about 35 to 50 ft bgs.

2) VOC data from these locations indicate that the plume width in this area was approximately 300 feet wide (at
levels above the AWQCs).

3) Peak concentrations of cis1,2DCE were detected at 11,000 .. /L and vinyl chioride at 2,200 g/ in
Geoprobe samples. The locations where the peak concentrations were detected are not co-located, but they
near each other. TCE was also detected at one location at a level of 230 ..g/L. Peak concentrations of
VOCs detected in monitoring wells in the area are 5,600 1.g/L, 1,300 ..g/L and 44 g/ for cis12,DCE, vinyl
chloride and TCE respectively. The peak levels detected in monitoring wells are about ¥ the peak values
detected in Geoprobe samples.

4) The peak levels of vinyl chloride in monitoring wells are about two and one-half times the cleanup standard.
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5) The grain size analysis indicates soil samples in the plume area are a well graded fine to medium sand with
lite silt fine materials (< 1%). When compared to the grain size curves for soil samples collected at the
EMF property (see Table 4-9), the soil in this specific area is coarser (the D, of the grain size curves is
about 2 times larger), it is more uniform in size (well graded), and contains less fine materials (< 1% fines
versus 5 to 10% fines for soil samples from the EMF property).

6) The aquifer pumping test indicated a hydraulic conductivity of approximately 400 ft/day (1.4 x 10" cm/sec).
Based on this conductivity, the measured gradient of 0.001 ft/ft and an estimated porosity of 0.25, the
predicted groundwater velocity in this area is estimated at 580 ft/year.

Table 4-9. Summary of Grain Size Analysis Results

Western Field | Sample Depth, | D,,, mm | Dg, mm C,
Boring ft (Dgo/Dyp

EMF-WF-25 25 0.18 0.48 2?7
40 0.186 0.42 2.6

EMF-WF-26 25 0.15 0.6 4
45 0.2 0.55 2.8

EMF-WF-29 15 0.25 0.52 2.1
35 0.23 0.48 2.1

[EMF-WF-28 20 0.26 0.6 2.3
20 0.26 0.6 2.3

20 0.26 0.6 2.3

30 0.18 0.55 3.1

40 0.23 0.55 2.4

45 0.2 0.55 2.8

Average| 0.21 0.54 263
EMF Site | Sample Depth, | D,,, mm | Dy, mm C,

Boring ft {DggyDso) |

SB EMF24 25 0.1 0.35 3.50
SB EMF25 7.5 0.12 0.4 3.33)
SB EMF25 17 0.08 0.25 3.13
SB EMF25 25 0.15 1 6.67

Average| 0.11 0.50 4.16
EMF Data Summar2.wpd 51 1/16/02

KCSlip4 43962

SEA410492



5.0 Evaluation of Data/lnvestigation Resuits

The additional data collected from the site requires a revision to the conceptual model of the site conditions and
VOC plume distribution. The added data indicaes that the VOC plume extends across Boeing Field to the
western boundary along East Marginal Way. The VOC plume is present in a relatively narrow, stratified plume
that follows the regional groundwater gradient from the EMF site. The highest concentrations of VOCs are found
at about 40 to 50 feet bgs, above a silty zone that appears to prevent further downward migration. Vinyl chioride
is the only VOC present above AWQCs at the downgradient boundary of the existing sampling. Maximum vinyl
chioride concentrations in monitoring wells at the downgradient boundary are approximately two and half times
the AWQC.

5.1 Quarterly Monitoring Data

The quarterly monitoring data (presented in Appendix D) have shown consistent reductions in all of the target
VOCs since the start of site remediation. For the group of monitoring wells located directly within the central on-
site VOC plume area the average reductions (all wells combined) for TCE, DCE and vinyl chloride are 88%, 79%
and 71%, respectively.

5.2 Hydraulic Conductivity and Groundwater Transport Velocity

The aquifer pumping test indicated a hydraulic conductivity of approximately 400 ft/day , based on this
conductivity and other measured/estimated parameters (gradient of 0.001, porosity of 0.25) the predicted
groundwater velocity in the area near the west side of Boeing Field is estimated at 580 ftiyear. The gradient back
at the EMF site has been measured at 0.004 ft/ft and the average gradient across Boeing Field has been
measured at 0.002 fift.

The hydraulic conductivity at the EMF property is estimated to be lower than the measured value from the west
side of Boeing Field based on the differences in the grain size distributions. An estimate of the groundwater
transport velocity at the EMF site is approximately 200 ft/yr.

The contaminant fransport velocity is expected to be less than the groundwater velocity because of adsorption to
soil. An estimate of the contaminant retardation factor (ratio of groundwater velocity to contaminant transport
velocity) is about a factor of 1.4. This is based on the K, for cis1,2-DCE of 65 and a fraction organic carbon of
0.001 in the soil. Using this retardation factor the expected VOC transport velocity is in the range of 140 to 400
ftiyear.

5.3 VOC Plume

Extensive sampling has been completed to locate and define the verticalfhorizontal position of the downgradient
VOC plume (~ 70 discrete Geoprobe samples and 10 new monitoring wells). The analytical data indicate that the
VOC plume shows very little spreading/dispersion in the vertical and horizontal directions as it has migrated in a
downgradient direction for approximately 2,200 ft. The projected path of the VOC plume across Boeing Field is
depicted in Figure 5-1. The sampling locations in Figure 5-1 with concentrations above the site cleanup goals
are depicted inred. The VOC concentrations decrease significantly within this sampled downgradient distance
(more than an order of magnitude).

EMF Data Summar2.wpd 52 1/16/02

KCSlip4 43963

SEA410493



8 B
el EE
= fo
= .
¥ b=
%O 2“55
” o8 &

Il VS =

KCSlip443964

SEA410494



The approximate width of the VOC plume at levels above the cleanup standards (AWQCs) is about 300 ft
(transverse to the direction of flow) and the approximate width at levels above detection limits is estimated at
about 600 ft.

Since the VOC plume does not spread in this transport distance, the observed concentration reductions are
believed 1o be the result of degradation by reductive dechlorination. The results of the general water quality
analyses are consistent with this expected anaerobic dechlorination mechanisms. The concentrations of nitrite
and iron are indicative of reducing conditions and the dissolved organic carbon concentration suggest the
presence of an organic substrate to serve as an electron donor. As a result, the observed VOC concentrations
would be expected to decrease further as contaminants travel in the direction towards the Duwamish Waterway.

5.4 VOC Attenuation Processes

The two primary processes expecled lo attenuate the VOC concentration in the plume are degradation and
dispersion. The expected impacts of those processes are discussed in the following sections.

5.4.1 Degradation

The typical degradation process for TCE via reductive dechlorination is depicted in Figure 5-2. The site
geochemical conditions are conducive for this degradation process and each of the daughter products (through
ethene and including increased chloride levels) have been measured within the VOC plume area.

The rate of VOC concentration reduction observed in the plume has been evaluated using first-order degradation

modeling. The objectives of this analysis are to:

1) Determine if the observed plume distribution is consistent with a first order degradation process .

2) Derive rate constants for the degradation process.

3) Provide a tool/predictive model for estimating downgradient concentrations beyond the zone where
monitoring structures are in place.

The calibration of the degradation modeling basically is a curve fitling process where the measured spatial
distribution of the VOCs (i.e., concentration reduction from the source in the downgradient direction) is used to
calculate the degradation rate constants using the concentration data and the contaminant transport velocity.
The data used for the degradation modeling are the peak VOC concentrations detected along several fransects
of the plume from the source area to East Marginal Way. A reasonable peak concentration at the source area
has been set at 250,000 ug/L. The highest concentration detected in the source was 1,007,000 gL (~TCE
saturation). However, a lower value is used in the degradation modeling because multiple Geoprobe samples in
the immediate area indicated a highest measured value of 190,000 ..g/L (pre-1997 before any remedial
measures were implemented). The peak concentration detected (near TCE solubility) is expected to be
representative of a very thin verfical interval and an average value is believed to be more appropriate for the
model calibration.

The degradation modeling results are presented in Figures 5-3 and 5-4. The site data and the degradation
modeling results in Figure 5-3 indicate that the primary VOC to be degraded from the EMF property
downgradient s cis1,2-DCE (i.e., almost all of the TCE has been degraded before reaching the property
boundary). Peak cis1,2-DCE concentrations are reduced from ~ 109,000 ..g/L (well EMF MW-22, January 2001)
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down to ~4,000 ..g/L (a factor of 27 reduction)(well EMF-MW-26, October 2001). The daughter product derived
for the cis1,2-DCE degradation is vinyl chloride.

In this same groundwater transport range, the peak vinyl chloride concentrations are reduced from ~23,000 gL
down to 1,300 ..g/L (a factor of 17 reduction). This measured vinyl chloride reduction occurs over same interval
that the cis1,2-DCE degradation has generated a larger amount (mass and concentration) of vinyl chloride.

Each mole of cis1,2-DCE degraded creates one mole of vinyl chloride (109,000 r.g/L of cis1,2-DCE degrades to
69,800 .g/L of vinyl chloride). These data indicate that compiete dechlorination to ethene is occurring and that
the degradation of cis1,2-DCE appears to be a rate limiting step (vinyl chloride is degrading faster than it is
generated by the cis1,2-DCE degradation).

The laboratory results (shown in Tables of Section 4) along with Figure 5-3 indicate substantial field
variability/heterogeneity in the degradation processes. Different portions of a each plume transect may have
varying fractions of TCE, cis1,2-DCE and vinyl chioride. Some of the measurements closer to the EMF property
indicate a more rapid TCE degradation than some of the downgradient data. A simpler presentation of the
degradation processes is as a combined, i.e, total VOCs, removal process. Those modeling resulis are
presented in Figure 5-4 and they show a much clearer fit of the field data to the model predicted concentrations
based on degradation of the total VOCs present.

The same analysis can be applied to the vinyl chloride data by itself (ignoring the TCE and cis1,2-DCE
degradation that creates the vinyl chioride). These results are presented in Figure 5-6 which shows a general
approximation to a first order degradation process. These results also show much more scatter of the field data
around the model predicted results (as indicated by a lower R? of the regression used to calibrate the model
predictions to the field data). This is expected because this analysis (vinyl chloride by itself) does not explicitly
include the cis,2-DCE degradation as a process step (which is generating vinyl chloride as the daughter
product). However, the general trend of vinyl chloride attenuation (as observed in the field data) does effectively
include all viny! chloride generated from cis1,2-DCE degradation. The generation of the vinyl chioride by cis1,2-
DCE degradation is implicitly included in the derived rate constant (the reduced exponent represents a slower
decay rate because of the mass that is being created).

5.4.2 Tidally Enhanced Dispersion

In addition to biological degradation, the concentration of VOCs discharged to the Duwamish Waterway will also
be significantly reduced due to dispersion and dilution caused by tidal effects before the groundwater discharges
to the river. The level of the Duwamish Waterway in the vicinity of the site varies due to tidal effects. These tidal
fluctuations in river level result in periodic (approximately once every 6 hours) reversals in the groundwater
gradient near the river. At times when the gradient is reversed, there is an inflow of water from the river into the
shallow aquifer. This inflow and outflow of river water results in mixing and dilution of the groundwater plume
near the boundary with the river.

The effect of this tidally-induced mixing was evaluated using a groundwater transport model of near-shore tidal
mixing. The model input used average tidal characteristics (amplitude and period) from Seattle harbor. The
results of the modeling are shown in Figure 5-6. These results show that the dilution effects would be expected
to extend inward to approximately 100 ft from the river boundary and that the net dilution of the plume just inward
from the boundary would be a factor of 50 (e.g., an upgradient groundwater concentration of 100 ..g/L. would be
reduced to 2 ug/L at the point of discharge to the river).
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Example Case of Plume Discharge in Unconfined
Duwamish Aquifer Without Tide Influence
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Note that this tidally induced dispersion does not impact the VOC mass flux to the Waterway but rather dilutes
the discharge concentration because of the increased water flux in the tidal flushing zone. The evaluation of the
effects of tidally-induced mixing is described in more detail in Appendix F. Groundwater monitoring near the
boundary of the river at various locations along the Duwamish Waterway has demonstrated the tidal influence
and the net transport of saline waters into the near-shore groundwater zone. These field data demonstrate this
tidal dispersion effect in the groundwater zone prior to the point of discharge to the river.
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Appendix A - Geologic Boring Logs
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Heavy duty flush-mount surface

Depth, ft bgs monument, 1 inch piate steel
0 ] SP N ;‘.‘
i Vet _ 7
- Concrete -
- Oto2 ftbgs
s ] / bg -
17 Bentonite seal
] 2to8 ftbgs 1 2in. sch. 40 PVC riser
i (¥8-in. chips) Oto10ftbgs
10_]
] $
- Fineto mediM  Fifter pack sand
] 8to20ftbgs
15_: (#2/12 Lonestar)
- sp i 2in., sch. 40 PVC screen
s Fine to medium 0.010-in. factory slot
- sand 10to 20 ft bgs
20__
] SP
] Fine to medium
] sand 2in. slip end cap
25_]
30_

Drilling date: 06/21/01
Driller: Cascade Dirilling

6 in. borehole, 4-1/4-in.
1.D. hollow-stem augers

Total depth: 20.25 ft

Location and elevation:
Not surveyed

Development: Surge and pump,
Approx. 25 gallons removed.
Pumped at ~1 gpm with whale pump.

redie 16935 SE 39th St.
B Bellevue, WA 98008
7 (425) 6434634 fax (425) 649-0643
-2 A
0 T 06/21/01 ] 11-SR.SKF
Monitoring Well 11SR
DRAWN: | CUENT Boeing PROJECT NO.:
WD ocAToN: 1214115
C KED: " 3
A EMF Site FIGURE _
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Progect

Performance

GEOLOGIC BORING LOG
PROJECT: EMF earthquake damage JOB NO. 1214-115 SHEET1 | BORING NO. 11 Sr
PROJECT LOCATION: EMF Site BORING LOCATION: Oof TOTAL DEPTH 2151
Boeing Field 11S r (replacement) BEGUN: 6/21 0720
DRILL CONTRACTOR: Cascade GEOLOGIST: TIM FINISHED: 6/21 0840
DRILL RIG: DRILLER: Brian Gose GROUND ELEV.:
HOLE SIZE: 4 % in. ID augers, 6 inch WEATHER: clear & dry GROUND WATER (DEPTH/ELEV.):
hole ~7 bgs
DRILLING METHOD: HS Auger DRILLING TOP OF ROCK (DEPTH/ELEV.):
FLUID/SOURCE:
-
s | 2
: Ol ri Q
WwoE 02| zW NOTES: S
E|2Dg 2| 88 | probucT,ODOR, | @
W | 59 [5G Wil | OVAREADING, b4
o | wke O] o ETC.) = STRATIGRAPHIC DESCRIPTION
No samples until 10’ 11 S sounded at 20.25’ bgs (1o be replaced)
10° SS 3 50% SP  |Fine to medium sand, tan w/ white and black N
10°’to11.5° 5 flecks to black sand at 11 % ft w/ more silt
NA 5
[ 1
15 S 7 80% SP  |Fine to medium sand, black w/ red and white
N5 to 16.5° 12 Flecks
NA 10
[ 1
200 sS 3 50% SP  |SAA appears to be heave. Waste soil
RO’to215 5 Sample #11 SR drum 1.
8 Well set at 20
Screen 10 slot from 10’ to 20’
Sand 8’ to 20’
Riser 0 to 10’; flush mount
3 bags Lonestar 2/12 sand
3 bags Pure Gold 3/8 in. bentonite chips
SAMPLE TYPES

SS=SPLIT SPOON, ST=SHELBY TUBE
R= ROCK CORE, O=OTHER
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Heavy Duty flush-mount surface
monument, 1 inch plate steel

Oto2ftbgs Screw plug well
cap with lock
—1 | 2in. sch. 40 PVC riser
/ - 0to 301t bgs
Bentonite seal T
2to 28 ft bgs
/ (3/8-in. chips) -
SP ]
Fine to medium
/ sand L]
/ Fiiter pack sand 2 in., sch. 40 PVC screen
28 to 40 ft bgs 0.010-in. factory slot
/ (#2/12 Lonestar) 30 to 40 ft bgs
2in. slip end cap
Drilling date: 06/21/01
Driller: Cascade Drilling
6 in. borehole, 4-1/4-in.
1.D. hollow-stem augers Pideme 16935 SE 39th St.
- Bellevue, WA 98008
Total depth: 39.4 ft 7 (425) 643-4634 fax (425) 649-0643
Location and elevation: S 06/21/01 DR SKF
Not surveyed .
Monitoring Well 11DR
Development: Surge and pump, DRAWN: | CLIENT. Boeing PROJECT NO..
Approx. 25 galions removed. WD rocaToN: 1214-115
Pumped at ~1 gpm with whale pump. G . FIGURE
TIM EMF Site _
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Performance

—-—
GEOLOGIC BORING LOG
PROJECT: EMF earthquake damage JOB NO. 1214-115 SHEET 1 | BORING NO. 11 Dr
repair
PROJECT LOCATION: EMF Site BORING LOCATION: Oof 1 TOTAL DEPTH 415 #
Boeing Field 11D r (replacement) BEGUN: 6/21 0900
DRILL CONTRACTOR: Cascade GEOLOGIST: TIM FINISHED: 6/21 1110
DRILL RIG: DRILLER: Brian Gose GROUND ELEV:
HOLE SIZE: 4 % in. ID augers, 6 inch WEATHER: clear & dry GROUND WATER (DEPTH/ELEV.):
hole ~7.5ftbgs
DRILLING METHOD: HS Auger DRILLING TOP OF ROCK (DEPTH/ELEV.):
FLUID/SOURCE:
=
2 >
. . [ Q
- | 4gE (82| B NOTES: S
E | &w o g 2| €8 | PropucT, oDoR, @
] <E° SJWw| wiw | OVAREADING, ]
o | ke Do ax ETC.) = STRATIGRAPHIC DESCRIPTION
No samples until 25 11 D sounded at 398.4° ft bgs (to be replaced)
.
25 8s 10 100% | Log from 11 SR is SP Fine to medium sand, black w/ red and white
R5't028.5 8 ~ 10’ north Flecks; saturated.
NA 14
[ 1
30° BS 5 NR SP [SAA
30't031.5 8
NA 12
I
35" BS 6 NR SP |SAA
B5't0 365 6
NA 10
|
40 SS 0 No recovery.
0’ to 41.5°
Set well at 40
Screen 10 slot 30" to 40°
Sand 2/12 28’ to 40’
Grout 2’ to 28’
Concrete 0 to 2
3 bags Lonestar 2/12 sand
6 bags bentonite chips
’*\‘
SAMPLE TYPES

SS8=SPLIT SPOON, ST=SHELBY TUBE
R= ROCK CORE, O=OTHER
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SM
Silty sand
SP

Fine to medium
sand

SM
Silty sand

SP
Fine to medium
sand

Heavy duty fiush-mount surface
monument, 1 inch plate steel

0to 2 ft bgs

Screw plug well

cap with lock

2 in. sch. 40 PVC riser

0to 35 ft bgs

Bentonite seal T

210 33 ft bgs
(¥8-in. chips) =1

Drilling date: 06/21/01

Drilier: Cascade Drilling

6 in. borehole, 4-1/4-in.

L.D. holiow-stem augers

Total depth: 45.25 #t

Filter pack sand
33 to 45 ft bgs
(#2/12 Lonestar)

Location and elevation:
Not surveyed

Development: Surge and pump,
Approx. 25 gallons removed.
Pumped at ~1 gpm with whale pump.

2in., sch. 40 PVC screen
0.010-in. factory siot
35to 45ft bgs

-

2in. slip end cap

REVISION NO2 DATE: (ACAD FILE:
0

ridate 16935 SE 39th St.
Bellevue, WA 98008
7 (425) 6434634 fax (425) 649-0643

correnarien

! 06/21/01 12-DR.SKF

Monitoring Well 12DR

DRAWN:
JJD

TM

CHECKED:

COENT. Boeing PROJECT NO:
[ TOCATION: 1214-115

EMF Site FIGURE:

KCSlip4 43978

SEA410508




GEOLOGIC BORING LOG

PROJECT: EMF earthquake damage JOB NO. 1214-115

SHEET1 | BORING NO. 12 Dr

PROJECT LOCATION: EMF Site
Boeing Field

12D r (replacement)

BORING LOCATION:

of2 TOTAL DEPTH 46.5 ft

BEGUN: 6/21 1230

DRILL CONTRACTOR: Cascade

GEOLOGIST: TIM

FINISHED: 6/21 1500

DRILL RIG: DRILLER: Brian Gose GROUND ELEV.:

HOLE SIZE: 4 % in. ID augers, 6 inch WEATHER: clear & dry GROUND WATER (DEPTH/ELEV.):
hole 8.7 ft

DRILLING METHOD: HS Auger DRILLING TOP OF ROCK (DEPTH/ELEV.):

FLUID/SOURCE:

=
S >
: | o Q
- | 4SE Szl Bl NOTES: 9
E | &af g 2| €8 | (PrRODUCT, ODOR, | @
w | < E o S| W | ovaREADING, 3
8 | vlFe oo o ETC.) = STRATIGRAPHIC DESCRIPTION
PID ppmv 12 D sounded at 45.25 ft
6 in. asphalt
Hand dug to ~ 5 ft to clear utilities
10° 8S 86 100% |0 SP Top 6" brown silty sand; saturated
10°to 11.5° 7 Next 12" black fine to medium sand w/
NA 7 ] red/white flecks
l
15 BS 6 100% {0 SM/ |Top 6" layer SP (SAA); then 12" silty fine sand
15to16.5 6 SP
NA 8
L
20" BSs 10 90% 0 SP Fine to medium sand, black w/ red/white flecks
P0'to 21.5' 6
NA 9
|
25 S 8 ~5% |0 SP SAA; small recovery
25 t0 26.5'° 11
NA 11
[ ]
30" BS 10 950% 0 SP SAA
B0"to 31.5 18
20
[ 1
35 BS 12 5% 0 SP  |SAA; small recovery
B5'10 36.5' 15
NA | 14 [
40 SS 5 80% 0 SP SAA
B0’to415 9
SAMPLE TYPES

SS8=SPLIT SPOON, ST=SHELBY
R= ROCK CCRE, O=OTHER

TUBE

KCSlip4 43979

SEA410509




Project Performance Corporation

Geologic Boring Log

Boring: 12DR Sheet 2 of 2
5
5 >
: O .|
- | WSF (02| g4 NOTES: §
E| Say g ©| ©8 | (PRODUCT,ODOR, | @
T} < E O Suwj wuw OVA READING, a
O | okFa ma| ox ETC.) 2 STRATIGRAPHIC DESCRIPTION
NA 11
45 BS 9 9% |0 SP/SMSAA grading finer
ns'to46.5 9
NA 10
SAMPLE TYPES

S$S=SPLIT SPOON, ST=SHELBY TUBE
R= ROCK CORE, O=OTHER

KCSlip4 43980

SEA410510



Silty sand

SP
Fine to medium
sand

L

Heavy duty flush-mount surface
monument, 1 inch plate steel
—_
Screw plug well
cap with lock
——1 | 2in. sch. 40 PVC riser
I 0to 35 ft bgs
Bentonite seal =
21033 ftbgs
(3/8-in. chips) —
] Driling date: 06/22/01
— Driller: Cascade Drilling
6 in. borehole, 4-1/4-in.
C ] 1.D. hollow-stem augers
— Total depth: 45 ft
- — - . o~
Location and elevation: '
] Not surveyed
Development: Surge and pump,
] Approx. 25 gallons removed.
Filter pack sand Pumped at ~1 gpm with whale pump.
33ta 45 ft bgs
(#2/12 Lonestar)
2in., sch. 40 PVC screen
0.010-in. factory slot
35to 45 ft bgs
2in. slip end cap
Pl 16935 SE 30th St,
- Bellevue, WA 98008
S (425) 643-4634 fax (425) 649-0643
REVISION NO.:"""‘"" DATE: /ACAD FILE:
0 i 06/22/01 ’ 13-DR.SKF
Monitoring Well 13DR .y
DRAWN: CUENT. Boeing PROJECT NO.: '
WD ocaToNn 1214-115
cn%CﬁD: EMF Site FIGURE: _

KCSlip4 43981

SEA410511



GEOLOGIC BORING LOG
PROJECT: EMF earthquake damage JOB NO. 1214-115 SHEET 1 | BORING NO. 13 Dr
PROJECT LOCATION: EMF Site BORING LOCATION: Of 2 TOTAL DEPTH 46.5 ft
Boeing Field 13Dr (replacement) BEGUN: 6/22 0700
DRILL CONTRACTOR: Cascade GEOLOGIST: TUM FINISHED: 6/22 0945
DRILL RIG: DRILLER: Brian Gose GROUND ELEV.:
HOLE SIZE: 4 % in. ID augers, 6 inch WEATHER: cloudy & dry GROUND WATER (DEPTH/ELEV.):
hole 83ft
DRILLING METHOD: HS Auger DRILLING TOP OF ROCK (DEPTH/ELEV.):
FLUID/SOURCE:
z
=2 >
- . - z 0
wdE |82 Zw NOTES: S
£ | 2@ (32| £§ | (proDUCT,0DOR, | @
W | < E o |9%| X2 | OvAREADING, o
O | ok o) o ETC.) > STRATIGRAPHIC DESCRIPTION
PID ppmv 13 D sounded at 45.2 ft bgs (to be replaced)
10° SS 3 100% | 0.0 SM Silty fine sand, black
10’to11.5° 3
NA 3
[ 1
15 |Bs 8 100% |01 SP Fine to medium sand, black w/ red/white
15 to16.5° 7 flecks; saturated
NA 8
J
20' SS 7 100% | 0.5 SP Same as above (SAA)
P0'to 21.5° 11
NA 15
| I
25’ BS 11 90% 6.3 SP |SAA
P5t0 26.5° 12
NA 14
| |
30° BSs 10 50% 1.2 SP  |SAA; slightly coarser
B0't031.5° 15
NA 19
[ 1
35 S 3 30% 0.5 SP [SAA
B5't036.5 8
NA 12
|
—| 40" S8 11 0 No recovery
Bo’'to 41.5° 11
SAMPLE TYPES

SS=SPLIT SPOON, ST=SHELBY TUBE
R= ROCK CORE, O=0OTHER

KCSlip4 43982

SEA410512



Project Performance Corporation

Geologic Boring Log

Boring: 13DR Sheet 2 of 2
-~
g
S >
. 0 .|
- | YSE |OZ| 29 NOTES: §
E | guj 5 2| 8 | (PRODUCT,ODOR, | ®
] <E° Ukl 53 | OVAREADING, o
O | oFe |Waj ax ETC.) = STRATIGRAPHIC DESCRIPTION
NA 17
45 |SS 5 100% |21 SP/SMSAA,; grading finer to SM from 46’ to 46.5
45 to 46.5° 11
NA 15 At 45’ depth at 0805
Set 10 siot screen 35 to 45
Lonestar 2/12 sand 33' to 45’
Grout from 2’ to 33’
Concrete from 0 to 2’
-—“\L
-~
SAMPLE TYPES

S$S=SPLIT SPOON, ST=SHELBY TUBE
R= ROCK CORE, O=OTHER

KCSlip4 43983

SEA410513



SM
Silty sand

SP
Fine-medium
sand with
trace silt

Flush-mount surface monument

Bentonite seal
210 33 ft bgs
(3/8-in. chips)

Filter pack sand
3310 45 ft bgs

(#2/12 Lone Star)

SP-SM
Fine, silty sand =
with gravel Concrete
Oto2ftbgs Screw plug well

cap with lock

= 2 in. sch. 40 PVC riser

0to 35 ft bgs

Drilling date: 04/09/01

— Driller: Cascade Drilling

8-1/4 in. borehole, 4-1/4 in.

1.D. hollow-stem augers

— Total depth: 45 ft

Location and elevation:

Not surveyed

— Development: Surge and pump,

55 gallons removed.

Pumped at 1 gpm with less

than 1 in. drawdown.

2in., sch. 40 PVC screen
0.010-in, factory slot
35 to 45 ft bgs

i

2 in. compression end cap

Puttitaaos

16935SE 3%h St.
- 7 Bellevue, WA 98008
PR (125) 6134634 fax (425) 649-0643
REVISION PO.:"-"““" DATE: ACAD FLE:
0 I 04724/01 i EMF-WF-25.5KF
‘Monitoring Well EMF-WF-25
DRAWN. | CLENT. Boeing PROJECT NO:
CE I Toamion 121411
CHECKED: EMF Site FIGURE:
™ West side Boaing Field _

KCSlip4 43984

SEA410514



Project

Performance

§S=SPLIT SPOON, ST=SHELBY TUBE

R= ROCK CORE, O=OTHER

GEOLOGIC BORING LOG
PROJECT: Boeing EMF/West Boeing | JOB NO.: 1214-111 SHEET 1 | BORING NO.:
Field of EMF-WF-25
PROJECT LOCATION: West side of BORING LOCATION: 3 TOTAL DEPTH: 45 ft
Boeing Field BEGUN: 4/9/01
DRILL CONTRACTOR: Cascade GEOLOGIST: TIM FINISHED: 4/9/01
DRILL RIG: DRILLER: Brian GROUND ELEV.:
HOLE SIZE: 8-1/4 in. (4-1/4 in. |.D. WEATHER: GROUND WATER (DEPTH/ELEV.):
auger) Approximately 10 ft bgs
DRILLING METHOD: Hollow-stem DRILLING TOP OF ROCK (DEPTH/ELEV.):
auger FLUID/SOURCE: N/A
SAMPLER TYPE: Dames & Moore split spoon HAMMER WEIGHT: 140 Ib
SAMPLER LENGTH AND DIAM.: 12-in x 2-1/2 in. diameter HAMMER FALL: 18 in.
= =
Qe 3, | & 3
weuw [ 92| 3% NOTES: a3
F| 2al Ze | 50 | (PRODUCT,ODOR,OVA| #
w g E = - ww READING, N STRATIGRAPHIC
o ol oo | aE ETC.) = DESCRIPTION
q- 0 to 5 ft hand dug to clear 4 inches asphalt paving. —,
] Utilities SP-SM (Fill, brown silty sand with gravel.
2-—-
-
4 -
5--
8 —-
7 -
8-
°~ s 3 SM Brown silty sand, Y%-inch iron fine
10 - 0.0-10.5 3 oxide rust layers. 50% silt, 50%
N/A 4 sand.
.4-\.£
SAMPLE TYPES

KCSlip4 43985

SEA410515



Project Performance Corporation

Geologic Boring Log

S$S=SPLIT SPOON, ST=SHELBY TUBE
R= ROCK CORE, O=OTHER

___ Boring: EMF-WF-25 Sheet 2 of 3
= s
= >
w o . - 4 Q
weE |02 [ g4 NOTES: 9
E Ew@ g © | ©8 | (PRODUCT,ODOR,OVA| &
] <5 Jw | ww READING, * STRATIGRAPHIC
o oz mo | ox ETC.) = DESCRIPTION
11 -
12 -
13—
14 -
15- s 7 SM Brown silt, changes to dark grey
16 . [15:0-16.5 15 at15.5 ft.
A 15
17 --
18 -
19 -
20~ 5§ 5 SP [Saturated, biack medium sand
21 — 20.0-21.5 7 With red/white grains; trace silt
N/A 8 (less than 5%), 40% fine sand,
50% medium sand.
22 -
23 -
24 -
25~ I5g7 7 SP Same as above.
06 .. P5:0-26.5/ 15
N/A 9
27 -
28 -
29 -
30 --
SAMPLE TYPES

KCSlip4 43986

SEA410516



Project Performance Corporation

Geologic Boring Log

Boring: EMF-WF-25 Sheet 3 of 3
= 2
w 3. |k & Q
wusE (o2 | gy NOTES: S
E Bg20 | Ze | 28 |(Probuct,0D0R, OVA| @
w < E S Jw | ww READING, @ STRATIGRAPHIC
o D& @o | ox ETC.) = DESCRIPTION
ISS/ 6 95% SP Same as above
49 .. P0.0-31.5/ 12
T N/A 20
32
33—
34 -
35 - Bs7 4 100% SP Same as above
36 .. [5.0-36.5/ 12
~ N/A 20
37 -
38 —-
39 --
40 - S5/ 6 | 80% SP |Same as above
41 [10.0-41.5/ 8
~ NA 11
42 -
43 -
44 -
45~ Ss 7 100% SP Same as above, slightly finer
46 K45.0-46.5/ 10 than above.
N/A 17
47 -
SAMPLE TYPES

S$8=SPLIT SPOON, ST=SHELBY TUBE
R= ROCK CORE, O=OTHER

KCSlip4 43987

SEA410517



Depth, ft bgs Flush-mount surface monument
O —— ————
— ; ISM r‘rﬁTr?-‘?rVﬂVr’;.’ ‘Vrﬁ"v“v-“vrqur
_ | Siltyfinesand |13 1 71 73 ."l-.—, AN M SN IR
- o ; Concrete -_ I N
4 i Oto2ftbgs — . N Screw plug well
5 — oo = cap with lock
i —
10 . = I 2in. sch. 40 PVC riser
] SM-CL Bentonite seal _— { Oto 37 ft bgs
i 4 Silt with fine sand, 210 35ftbgs 4 |
_ plastic (3/8-in. chips) —— , ;
15 ] ' —— | |Drlling date: 04/0201 ,
] i - '
i » e Driller: Cascade Drilling
100 == ' | 8-1/4in. borehole, 4-1/4 in.
20| o il 1.D. hollow-stem augers
; P o Very fine sand = Total depth: 47 ft
(AR B
1 7 ) withsilt — . .
P Location and elevation:
s | .7 — Not surveyed
1 7 E,: et — Development: Surge and pump,
i - 0
B - /):' 3 medium sand — 55 ga“ons removed. '
] A Pumped at 1 gpm with whale pump
] oo =
1 VA ~ —
| N /v" — —
s | =
] L N e L_
- s Filter pack sand =
4 o 351047 ft bgs — 2in,, sch. 40 PVC screen
404 | (#2/12 Lone Star) — 0.010-in. factory slot
4 K o /= 37to47ftbgs
v L ]
. < ¢ ) E
SRS 5
45_— A E R E
. P ) = 2in, slip end cap
50 ralhee 16935 SE 3%h St.
- Bellevue, WA 98008
~ (425) 643-4634 fax (425) 649-0643
REVISION M).t"."“"“ DATE: ACAD FiLE:
0 [ 04124/01 EMF-WF-26.5KF
Monitoring Well EMF-WF-26
DRAWN. | CLIENT. Boeing PROJECTNO. |
CE  iocxmon 121411
[CHECKED: | EMF Site FIGURE:
TIM West side Boeing Field -

KCSlip4 43988

SEA410518



.
Pafaﬁm

. GEOLOGIC BORING LOG

PROJECT: Boeing EMF/West Boeing | JOB NO.: 1214-111 SHEET 1 | BORING NO.:

Field Of EMF-WF-26
PROJECT LOCATION: West side of BORING LOCATION: 3 TOTAL DEPTH: 49 ft
Boeing Field BEGUN:

DRILL CONTRACTOR: Cascade GEOLOGIST: TUM FINISHED:

DRILL RIG:

DRILLER: Brian

GROUND ELEV.:

auger)

auger

FLUID/SOURCE: N/A

HOLE SIZE: 8-1/4 in. (4-1/4in. |.D. WEATHER: Rain GROUND WATER (DEPTH/ELEV.):
Approximately 10 ft bgs
DRILLING METHOD: Hollow-stem DRILLING TOP OF ROCK (DEPTH/ELEV.):

SAMPLER TYPE: Dames & Moore split spoon

HAMMER WEIGHT: 140

SAMPLER LENGTH AND DIAM.: 12-in. X 2-1/2 in. diameter

HAMMER FALL: 18 in.

= 5
S >
w 0. | -2 Q
wskE |02 | gy NOTES: S
E Sw@ | 2= | 28 |(PRODUCT,ODOR, OVA| @
w < t > = W ww READING, P STRATIGRAPHIC
o nk-= ma | ax ETC.) - DESCRIPTION
1- 0to 5 ft hand dug to clear | SM Brown silty fine sand
LHilities
2.
3.
4--
§--
6 --
7 -
8 -
9 -
10 --
SAMPLE TYPES

SS=SPLIT SPOON, ST=SHELBY TUBE

R= ROCK CORE, O=OTHER

KCSlip4 43989

SEA410519



Project Performance Corporation

Geologic Boring Log

Boring: EMF-WF-26 Sheet 2 of 3
3 2
= S >
w A o
: | 4&E oz | =y NOTES: S
E g S 2 g © | ©8 | (PRODUCT,0DOR,OVA | @
w < 'E S | Su | ww READING, » STRATIGRAPHIC
o wkZ i s ETC.) 2 DESCRIPTION
SS/ 6 100% SM-CL |Silt with fine sand, plastic, wet.
1 10.0-11.5/ 7 Top half brown, bottom half grey
~ N/A 7
12~
13-
14—
vy 7 [80% SM-CL |Same as above, all grey
16 [15:0-16:5 7
N/A 7
17 -
18 -
19 -
20 - 57 g |80% SM Very fine sand with silt, grey
01 .. 20.0-215 14
N/A 18
22 --
23 -
24 -
25 - &8 12 170% | Sample collected for grain | SP__|Fine to medium sand, biack with
26 25.0-26.5/ 18 Size analysis Red/white grains.
GSB25 18
27~
28 --
29 -
30 --
SAMPLE TYPES

$S=SPLIT SPOON, ST=SHELBY TUBE

R= ROCK CORE, O=OTHER

KCSlip4 43990

SEA410520



Project Performance Corporation

Geologic Boring Log

Boring: EMF-WF-26 Sheet 3 of 3
-~
- [
E |2 | ;
w ] o
wax (82 |=zu NOTES: S
E g s @ |Ze | o8 |(PrRoDUCT,0D0R, OVA| g
i < E S | gy | uw READING, @ STRATIGRAPHIC
o w2 o o ETC.) = DESCRIPTION
S/ 5 50% sP Same as above, some coarser
aq 0.0-31.5/ 8 sand, some ¥z-in. wood
N/A 15 fragments.
32 -
33 -
34 -
35 - No split spoon sample SP Same as above
36 - collected, logged from
Geoprobe sample.
37 --
38 -- .
39 --
40 -
SS/ 5 70% SP Same as above
4 |40.0-41.5/ 7
N/A 14
42 -
43 -
44 —
45— SS/ 5 80% Sample collected for grain | SP Same as above, grading slightly
46 — [15:0-48.5/ 10 Size analysis finer than above.
GSB45A 15
47 --
48 --
49 -
/-\v
SAMPLE TYPES

S§S=SPLIT SPOON, ST=SHELBY TUBE
R= ROCK CORE, O=0THER

KCSlip4 43991

SEA410521



Flush-mount surface monument

Screw plug well
cap with lock

CL-ML

Silty clay

SM
Very fine sand
with silt

SP
Fine to
medium sand

Bentonite seal
210 34 ft bgs
(3/8-in. chips)

Filter pack sand
34to46ftbgs

(#2/12 Lone Star) |

2 in. sch. 40 PVC riser
Oto 36 ftbgs

Drilling date: 04/09/01
Driller: Cascade Drilling

1.D. hollow-stem augers

Total depth: 46 ft
Geoprobe pilot hole
advanced fo 100 ft

Location and elevation:
Not surveyed

1 gpm with whale pump

8-1/4 in. borehole, 4-1/4 in.

Development: Surge and pump,
55 gallons removed. Pumped at

2in., sch. 40 PVC screen
0.010-in. factory slot
36to 46 ft bgs

-2in. slip end cap

Peibeace 16935 SE 30th St.
o Bellevue, WA 98008

7

(425) 6434634 fax (425) 649-0643

0

REVISION NO.:

[ DATE:
04/30/01

e

FLE
EMF-WWF-27.5KF

Monitoring Well EMF-WF-27

DRAWN:
CJE

CHECKED:
™

CLENT. Boeing
LOCATION:

EMF Site
West side Boeing Fieid

PROJECT NO.:
1214-113
FIGURE:

KCSlip4 43992

SEA410522




P

. GEOLOGIC BORING LOG |

PROJECT: Boeing EMF/West Boeing | JOB NO.: 1214-113 SHEET 1 | BORING NO.:
Field of EMF-WF-27
PROJECT LOCATION: West side of | BORING LOCATION: 6 TOTAL DEPTH: 100 ft
Boeing Field BEGUN:
DRILL CONTRACTOR: Cascade GEOLOGIST: TIM FINISHED:
DRILL RIG: Geoprobe DRILLER: Kasey Gabel GROUND ELEV.:
HOLE SIZE: 1-1/2 in. WEATHER: Rain GROUND WATER (DEPTH/ELEV.):
Approximately 10 ft bgs
DRILLING METHOD: Direct push DRILLING TOP OF ROCK (DEPTH/ELEV.):
FLUID/SOURCE: N/A
SAMPLER TYPE: Geoprobe HAMMER WEIGHT: N/A
SAMPLER LENGTH AND DIAM.: 22 in x 1-1/16 in. diameter HAMMER FALL: N/A
z Z
S >
w o | r Q

- | 4YBE | °2 | gy NOTES: S

E Sl g © | 8 |(PRODUCT,ODOR,OVA | @

] < E S S| Gw READING, @ STRATIGRAPHIC

o ® -2 @mn | o ETC.) > DESCRIPTION

1- 0 to 5 ft hand dug to clear | SP-SM [Fine sand with silt, —

Utilities

2 -

3

4 --

5

6 -

7 -

8-

9--
10 --

—_—_—~

SAMPLE TYPES

S$S=SPLIT SPOON, ST=SHELBY TUBE
R= ROCK CORE, O=OTHER

KCSlip4 43993

SEA410523



Project Performance Corporation Geologic Boring Log

Boring: EMF-WF-27 Sheet 2 of 6

NOTES:
(PRODUCT, ODOR, OVA
READING,

ETC.)

ERCENT
ECOVERY

STRATIGRAPHIC
DESCRIPTION

DEPTH
SAMPLE
TYPE/DPETH/
NUMBER
BLOW COUNT
PER 6 IN.
USCS LOG

alp
2| R

O/ CL-ML |Tan/grey silty clay layer from 10
1 10.0-12.0/ to 11 ft
T IN/A SM Silty sand with >20% fines

13 -
14 -
15 -
16 --
17 -
18 -
19 -

20 --

O/ 100% SP Fine to medium sand, black with
20.0-22.0 red/white grains, <5% fines
21 Na

22

23 -~
24 -

25- Water sample collected

25to0 29 ft. Sample
number WBF-C-25.
PID = 0.6 ppmv.

26 --
27 -
28 -

29 -

30 --

SAMPLE TYPES
SS=SPLIT SPOON, ST=SHELBY TUBE
R= ROCK CORE, O=OTHER

KCSlip4 43994

SEA410524



Project Performance Corporation

Geologic Boring Log

Boring: EMF-WF-27 Sheet 3 of 6
= >
> >
w A Q
wee 3z [Eu NOTES: S
E Swl g © | 89 | (PRODUCT, ODOR,OVA [ @
W I E S | 94 | Gw READING, @ STRATIGRAPHIC
o 02 mo | ax ETC.) .2 DESCRIPTION
0/ 100% SP Same as above with some
31 130.0-32.0/ coarse sand.
~ N/A
32~
33 -
24 --
35~ oJ] 100% | Water sample collected SP Same as above, but somewhat
26 - 35.0-37.0/ 35t0 39 ft. Sample
N/A number WBF-C-35.
37 .. PID = 216 ppmv.
38 -
39 --
40157 100% SP Same as above; grading finer,
40.0-42.0/ but still fine to medium sand.
41 -~
N/A
42—
43 -
44 --
45 57 50% | Water sample collected SP Same as above; 1-in. silt layer
46 - 45.0-47.0/ 45to0 49 ft. Sample (ML-CL) at 47 ft.
IN/A number WBF-C-45.
47 — PID = 28.6 ppmv.
48 --
49 —
50 --
SAMPLE TYPES

SS=SPLIT SPOON, ST=SHELBY TUBE
R= ROCK CORE, O=OTHER

KCSlip4 43995

SEA410525



Project Performance Corporation

Geologic Boring Log

Boring: EMF-WF-27 Sheet 4 of 6
F 2
w 3 - & Q
- | 4&% [o2 | zY NOTES: 2
E g m Q g © | 2§ | (PRODUCT,0DOR,OVA | &
] < E S | S| dm READING, @ STRATIGRAPHIC
e w2z @p | amx ETC.) = DESCRIPTION
0/ CL-ML |1-ft layer silty clay.
5 .. 50.0-52.0/
N/A SM 1-ft layer dense silty sand, plastic,
52 - Qrey.
Very fine silty sand, silt >20%.
53 --
54 —
5= 57 95% | Water sample collected | SM 6-in. layers silty fine sand, fine to
56 - 55.0-67.0/ 55to 59 ft. Sample medium sand, and silty clay.
N/A number WBF-C-55.
57 - PID = 0 ppmv.
58 -
59 --
60 -
61—
62—
63—
64 —
8- 20% SM Silty very fine sand, not plastic.
g6 . P5-0-67.0/
N/A
67 -
68 --
69 -
70 -
SAMPLE TYPES

SS8=SPLIT SPOON, ST=SHELBY TUBE
R= ROCK CORE, O=OTHER

KCSlip4 43996

SEA410526



Project Performance Corporation Geologic Boring Log

Boring: EMF-WF-27 Sheet 5 of 6

‘w

NOTES:
(PRODUCT, ODOR, OVA
READING,
ETC.)

STRATIGRAPHIC
DESCRIPTION

TYPE/DPETH/
NUMBER
BLOW COUNT
PER 6 [N.
RECOVERY

PERCENT
USCS LOG

DEPTH
SAMPLE

72 --

O/ 80% SP-GW |Fine sand with gravel up to
172.0-74.0/ 3/8 in., black with white grains.
IN/A some black 1/8-in. grains. 6-in.
layer plastic silty clay from 73.5
to 74 ft.

73 -

74

75 --
76 -
77 -
78 1

79 --

O/ 50% SM Silty very fine sand; no layering,
79.0-81.0/ may be heave into sampler.

80 - WA

81--

82 --
83 -
84 -
85 -
86 —
87 -
88 -

89 -

SAMPLE TYPES
SS=SPLIT SPOON, ST=SHELBY TUBE
R= ROCK CORE, O=OTHER

KCSlip4 43997

SEA410527



Project Performance Corporation Geologic Boring Log

Boring: EMF-WF-27 Sheet 6 of 6
3 £
S >
w . % Q
e e Sz | Zu NOTES: S
E Ew® | Beo|g § (PRODUCT, ODOR,OVA | @
i < ‘E S | 96 | Gw READING, @ STRATIGRAPHIC
Q nk-z oo | ok ETC.) > DESCRIPTION
0/ 25% SP-SM {Fine to medium sand with >10%
o0 .. B9:0-91.0/ silt.
=~ N/A
91 --
92 --
93 -
94 --
95 --
96 --
97 -
98 - . -
O/ CL-ML |Grey, green silty clay, plastic,
99 — 98.0-100.0/ mottled layering.
N/A
100 -
SAMPLE TYPES

§8=SPLIT SPOON, ST=SHELBY TUBE
R= ROCK CORE, O=OTHER

KCSlip4 43998
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Depth, ft bgs Flush-mount surface monument
0
] Concrete and EORUATS XAt B SR SO RN F g g e
| P gmetbase [ N A
- spP Concrete i
. Sandy filt Oto2ftbgs — Screw plug well
5 — — cap with lock
10— = 2 in. sch. 40 PVC riser
] SM-ML Bentonite seal £ —| Oto 35t bgs
Very fine sand 21033ftbgs
i with sitt (3/8-in. chips) — —
Drilling date: 04/02/01
18— SP — Driller. Cascade Dirilling
. Fine to very = 8-1/4 in. borehole, 4-1/4 in,
] . 1.D. hollow-stem augers
20__' SP - — ' Total depth: 46 ft
] Medium sand : = Location and elevation:
T —| Not surveyed
25 - — Development: Surge and pump,
] — 55 gallons removed.
] Pumped at 1 gpm with
] — whale pump -~
30 =
35_] .
- =
i Fiterpacksand [~ H
- 3310 46 ft bgs o 2|n.,s_cn40PVCscreen
40_ (#2112 Lone Star) |- o 0.01C-in. factory slot
. 7] 35to45ftbgs
a5_ | é 2 in. compression end cap
50 16935 SE 39th St.
P Bellevue, WA 98008
- (425) 6434634 fax (425) 649-0643
REVISION ID.:""“"." DATE: ACAD FILE:
0 04/30/01 l EMF-WF-28.SKF
Monitoring Well EMF-WF-28
DRAWN: | CLIENT Bosing PROJECT WO N
CE  iocamion 1214-113
[CHECKED: | EMF Site FIGURE:
TIM West side Boeing Field _

KCSlip4 43999
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. GEOLOGIC BORING LOG

PROJECT: Boeing EMF/West Boeing | JOB NO.: 1214-113 SHEET 1 | BORING NO.:
Field of EMF-WF-28
PROJECT LOCATION: West side of BORING LOCATION: 3 TOTAL DEPTH: 46 ft
Boeing Field BEGUN:
DRILL CONTRACTOR: Cascade GEOLOGIST: TIM FINISHED:
DRILL RIG: DRILLER: Brian Goss GROUND ELEV.:
HOLE SIZE: 8-1/4 in. (4-1/4in. 1.D. WEATHER: Rain GROUND WATER (DEPTH/ELEV.):
auger) Approximately 10 ft bgs
DRILLING METHOD: Hollow-stem DRILLING TOP OF ROCK (DEPTH/ELEV.):
auger FLUID/SOURCE: N/A
SAMPLER TYPE: Dames & Moore split spoon HAMMER WEIGHT: 140
SAMPLER LENGTH AND DIAM.: 12-in. x 2-1/2 in. diameter HAMMER FALL: 18 in.
= =
E 5 >
w O | -& o
wEE |92 | g¥ NOTES: °
E % w g % : g 8 (PRODUCT, ODOR, OVA o
w < E 2 S | ww READING, 7] STRATIGRAPHIC
-1 8 nkz ©o | ox ETC.) > DESCRIPTION
1 - 0 to § ft hand dug to clear 9 in. concrete underlain by 18 in.
Utilities gravel base.
2~ SP Sandy fill, dark brown
3.-
4--
5
6 -
7 -
8 --
Q-
10 -
SAMPLE TYPES

SS=SPLIT SPOON, ST=SHELBY TUBE

R= ROCK CORE, O=OTHER

KCSlip4 44000
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Project Performance Corporation

Geologic Boring Log

Boring: EMF-WF-28 Sheet 2 of 3
= =
35 >
w . o Q
yaw (82 |2u NOTES: S
F| & S D@ | 22| 50 |(PRODUCT,0DOR,OVA| @
] < E S | a6 | ww READING, @ STRATIGRAPHIC
o »- = mo | ax ETC.) > DESCRIPTION
ISS/ 8 100% | Sample collected for grain | SM-ML [Very fine sand with silt, >50%
11 10.0-11.5/ 7 Size analysis silt, plastic, grey.
~ GsSD10 8
12 -
13-
14 -
15~ g7 5 SP Fine to very fine sand, = 5% silt,
16 - 15.0-16.5 8 black with red/white grains.
N/A g
17 -
18 - -
19 --
20 - s/ 8 |80% | Sample collected for grain | SP Medium sand with some coarse
29 - 20.0-21.5 15 Size analysis sand, black with red/white grains.
GSD20 17
22 -
23 -
24 -
25 -
S/ 9 100% SP Same as above.
26 . 25:0-26.5/ 12
N/A 16
27 -
28 -
29 --
30 -
-~
SAMPLE TYPES

S§S=SPLIT SPOON, ST=SHELBY TUBE
R= ROCK CORE, O=0OTHER

KCSlip4 44001
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Project Performance Corporation

Geologic Boring Log

S$S=SPLIT SPOON, ST=SHELBY TUBE

R= ROCK CORE, O=0OTHER

KCSlip4

Boring: EMF-WF-28 Sheet 3 of 3
= 2
2 >
w . lz Q
s | 4BE Sz | =y NOTES: S
e Suwl g © | €3 | (PRODUCT, ODOR,OVA |  ©
w < E =] S | WWw READING, 7] STRATIGRAPHIC
e wrEz @a | o ETC.) > DESCRIPTION
[SS/ 5 60% Sample collected for grain | SP Same as above
31 - 30.0-31.5/ 8 Size analysis
IGSD30 15
32 --
33 --
34 --
35 ~
ISS/ SP Same as above
36 [35.0-36.5/
“ N/A
37 --
38 --
39 --
40 - S8/ 5 80% Sample collected for grain | SP Same as above, few 3/8 in. sharp
41 - |40.0-41.5/ 5 Size analysis edge gravels.
IGSD40 15
42 --
43 --
44 --
45 -
SS/ 10 | 40% SP Same as above.
46 -- 5.0-46.5/ 1
/A 14
SAMPLE TYPES

44002

SEA410532



CORPURATIDN

GEOLOGIC BORING LOG

PROJECT: Boeing EMF/West Boeing | JOB NO.: 1214-111 SHEET 1 | BORING NO.:
Field Of EMF-WF-29
PROJECT LOCATION: West side of BORING LOCATION: ch TOTAL DEPTH: 45 fi

Boeing Field

BEGUN: 4/2/01

DRILL CONTRACTOR: Cascade

GEOLOGIST: TUM

FINISHED: 4/2/01

DRILL RIG:

DRILLER: Brian Goss

GROUND ELEV.:

| auger)

HOLE SIZE: 8-1/4 in. (4-1/4 in. 1.D. WEATHER: GROUND WATER (DEPTH/ELEV.):
Approximately 10 ft bgs
DRILLING METHOD: Hollow-stem DRILLING TOP OF ROCK (DEPTH/ELEV.):

auger

FLUID/SOURCE: N/A

SAMPLER TYPE: Dames & Moore split spoon

HAMMER WEIGHT: 140 Ib

SAMPLER LENGTH AND DIAM.: 12-in x 2-1/2 in. diameter

HAMMER FALL: 18 in.

3 5
= S >
w . [ 4 Q
.| uikg |8z |Eu NOTES: S
E Sawl g © | €9 | (PrRODUCT, ODOR, OVA @
w < E S JW | wu READING, P STRATIGRAPHIC
Q w-z mo | o ETC.) = DESCRIPTION
1- 0to 5 ft hand dug to clear 11 inches concrete.
Utilities SP-SM |[Fill, brown silty sand with gravel.
2 -
3 -
4 -
5 -
6 —
7 -
8-
9- 5% 6 Grain size sample SM Brown siity sand,
10 B-0-105 6 |100% | GSWF5-10 50% silt, 50% fine sand
N/A 7
SAMPLE TYPES

SS=SPLIT SPOON, ST=SHELBY TUBE

R= ROCK CORE, O=OTHER

KCSlip4 44003
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Project Performance Corporation

Geologic Boring Log

S$S=SPLIT SPOON, ST=SHELBY TUBE
R= ROCK CORE, O=OTHER

Boring: EMF-WF-29 Sheet 2 of 23
z z
w 3. | i Q
- | YBE |02 | zu NOTES: S
E Suwld g = | €8 | ProDUCT, ODOR, OVA @
w < g =] = w w w READING, 7] STRATIGRAPHIC
Q nr-2 mo | oa ETC.) > DESCRIPTION
11 -
12 -
13 -
14 -
15- 55 5 Grain size sample SP Saturated, black fine to medium
16 — 15.0-16.5 7 100% | GSWF5-15 sand, black with red/white grains
N/A 11 trace silt (less than 5%)
17 -
118 -
19 -
20 --
SS/ 7 70% SP Same as above
21.. Q00215 11
N/A 15
22 -
23 -
24 -
25 —- - -
S/ 8 sP Same as above, slightly more silt
26 — [25.0-26.5/ 18 80% ~ 5 to 10% range
N/A 23
27 -
28 -
29 —
30 -
SAMPLE TYPES

KCSlip4 44004
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Project Performance Corporation

Geologic Boring Log

Boring: EMF-WF-29 Sheet 3 of 3¢|
~
]
3 £
E « 3. | & 8
- Yow (O [z NOTES: 9
E ewgd g % | 8 | (PRODUCT, ODOR, OVA a
w < E S || && READING, ] STRATIGRAPHIC
Q -z ma | amx ETC.) > DESCRIPTION
5SS/ 3 80% sP Same as above, one ¥ inch
31 30.0-31.5/ 4 silt lense
~ IN/A 12
32 -
33 --
34 -
35~ SS/ 8 80% Grain size sample SP Same as above
36 35.0-36.5/ 10 GSWF5-35
T NA 15
37 --
_~,
38 - |
39 --
40~ SS/ 12 | 80% sP Same as above, some % to 3/8
41 - 0.0-41.5/ 15 Inch gravel, rounded ~ 1-5%
N/A 17
42 -
43 -
44 -
4555 4 [40% SP Same as above, no gravel
46 [15.046.5/ 6
/A 11
47 -
48 -
49
50 --
SAMPLE TYPES

SS=SPLIT SPOON, ST=SHELBY TUBE
R= ROCK CORE, O=OTHER

KCSlip4 44005
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Project Performance Corporation

Geologic Boring Log

Boring: EMF-WF-29 Sheet 4 of 44}
z g
= >
w . x Q
- | ugE o2 % u NOTES: S
E &w ] 2 e | €8 | (PrODUCT, ODOR, OVA @
B | ‘9_: S |95 | &8 READING, o STRATIGRAPHIC
Q wkz o | ax ETC.) = DESCRIPTION
S/ 3 20% SP Same as above, increasing silt
5 p0.0-51.5/ 4 (~ 5-10%)
N/A 12 .
52 --
53 —
54 .
55 ..
ISS/ 7 30% SP Same as above
56 .. [55.0-56.5/ 8
~ N/A 14
SAMPLE TYPES

SS=SPLIT SPOON, ST=SHELBY TUBE

R= ROCK CORE, O=OTHER

KCSlip4 44006
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Depth, ft bgs
0

NN

NN

Flush-mount surface monument
=~
Concrete |
Medium
:2': fl:?n?ng: d Concrete — AN Screw plug well
gs Oto3ftbgs cap with lock
Bentonite seal — 4 in. sch. 40 PVC riser
3t033ftbgs | | Olo3fbos
{11 bags medium E
hi — -
SP chips) Drilling date: 08/29/01
Medium sand with i Diiler: Cascade Diil
- riller: Cascade Drillin
lenses of-ﬁner sand == 9
from cuttings —— 101in. borehole, 6-1/4-in.
1.D. hollow-stem augers
-_ Total depth: 47 ft
: : Location and elevation:
Not surveyed
-_— Development: Surge and pump,
—— Approx. 250 gallons removed.
Pumped at 25 gpm with 0.7 ft —
— drawdown.
— —
SP
Medium
sand logged from
sample 4in., sch. 40 PVC screen
0.010-in. factory slot
Filter pack sand 35 to 45 ft bgs
33to 47 ft bgs
(7 bags 10x20
silica sand)
4in. end cap
el 16935 SE 39th St
) Bellevue, WA 98008
- (425) 643-4634 fax (425) 649-0643
REVISION NO.:“."""" DATE: ACAD FILE:
[} [ 09/4/01 35.5KF
Monitoring Well WF 35 g
DRAWN: | CLIENT: Boeing PROJECT NO.: 1
WD roemon: 1214113
[CRECKED: | EMF Site FIGURE:
TIM West Boeing Field -

KCSlip4 44007
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HB  GEOLOGIC BORING LOG

PROJECT: EMF/west Boeing field

JOB NO.: 1214-113

PROJECT LOCATION: EMF,
Boeing Field

BORING LOCATION:

SHEET 1 | BORING NO.: WF-35
Of 1

TOTAL DEPTH: 47 ft

BEGUN: 8/29/01 0715

DRILL CONTRACTOR: Cascade

GEOLOGIST: JJD

FINISHED: 8/29/01 0940

DRILL RIG:

DRILLER: Brian

GROUND ELEV.:

HOLE SIZE: 61/4 ID auger, 10in.
hole

WEATHER: clear

GROUND WATER
(DEPTH/ELEV.): 9.38 feet

Set screen at 45 ft.- 35 ft.; 10 slot

Filter pack is 10x20 silica sand from 47 ft. to 33 ft. — 7 bags

Grout is medium bentonite chips from 33 ft. to 3 ft. — 11 bags

Cement from 3 ft. to 0
Well is flush mount

SS = Split spoon

DRILLING METHOD: Hollow-stem | DRILLING TOP OF ROCK (DEPTH/ELEV.):
| auger FLUID/SOURCE: N/A
SAMPLER TYPE: SS HAMMER WEIGHT:
SAMPLER LENGTH AND DIAM.: 12" x 2" HAMMER FALL:
E ]
= x >
w w - o
- | W% | & gy NOTES: 9
E | Tw® |3 (O3 | (PRODUCT,ODOR, | @&
W | < ‘9_: S |20 | W | OVAREADING, @ STRATIGRAPHIC
o wkz o= o ETC.) > DESCRIPTION
1- Concrete
SP Med blackish brown sand w/
4 Red/white flecks; well graded
SP Based on drill cuttings, SAA w/
15— Lenses of med to fine gray
Sand w/ orange mottling (Fe);
20-- Cuttings saturated at ~17’
25--
30-- Water added to control heave
SS 25,50 | 100% | PID=0.0 SP Med black sand w/ red/white
35 30 - 31 Flecks; well graded; wood bits
SS 48,15| 100% | PID=0.0 SP SAA small amount of wood
40-- 35 - 36
SS 7,7,201 100% | PID=0.0 SP SAA
45-- 40 - 41
SS 6,10,15 30% | PID=0.0 SP SAA,; large piece of wood
50- 45 - 46 Debris caused low recovery
Drilled to 50’, heaved to 47°

KCSlip4 44008
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Appendix B —Particle-Size Analyses

EMF Data Summar2.wpd 1/16/02

KCSlip4 44009
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1001 SW Klickitat Way, Suite 107
R E G Lab WMBE N Siatt]:,ny2n968134

Rosa Environmental & Geotechnical Laboratory, LLC (206) 287-9122

A

April 16, 2001

Ms. Stephanie Lucas
Analytical Resources, Inc.
400 Ninth Avenue North
Seaitle, WA 98109

ARI Project No.: CY61, REGL Project No.: 1000-309
Dear Ms. Lucas,

Two samples from the referenced project were received for grain size analysis on April 11, 2001.
The results of the analysis are discussed on the attached narrative and summary table.

Please call me to discuss any questions, or comments you may have on the data or its
presentation.

Best Regards,
Rosa Environmental & Geotechnical Laboratory, LLC.

Mﬁ’?’)

Harold Benny
Laboratory Manager

KCSlip4 44010
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1001 SW Klickitat Way, Suite 107

R E G L ab WMBE Seattle, WA 98134

Rosa Environmental & Geotechnical Laboratory, L1.C (206) 287-9122
b
Client: Analytical Resources, Inc. REGL Project No.: 1000-309
Client Project: CY61 Sample Batch No.: N/A
Case Narrative

1. Two samples were received on April 11, 2001 for grain size analysis.

2. The samples were analyzed for grain size analysis according to ASTM D-422.

3. There were no anomalies in the samples or methods on this project.

! Z’CLA_/ .
Released by: % - x) Date: i/_ﬁzo‘_v
Laboratory Lead
Approved by: M Date: & AZ/"(
Laboratory Manager v i
\

Page 1

~ KCSlip4 44011
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/000~ 209

SUBCONTRACTOR ANALYSIS REQUEST

~CUSTODY TRANSFER 04\10\01 ARI Project: CYé61
Laboratory: REG Lab ARI Client: Boeing Corporate SHEA
Lab Contact: Harold Benny Project ID: 1214-111
Lab Address: 400 Ninth Ave N, Ste B ARI PMgr: Stephanie Lucas
Seattle, WA 98109-5187 Phone: (206) 340-2866 Ext 106
Phone: 206-389-6156 Fax: (206) 6€21-7523
Fax:
Analytical Protocol: In-house Requested Turn Around: 04/22/01
Fax Results (Y/N): Yes
ARI Sample 1D Client Sample ID Sampled Matrix Bottles Analyses
01-5349-CY61A  GSA25 227G 2 4 s/01 seil ]
Grain Size (Subc)
01-5350-CY€1B GSA40 4/ 9/01 Soil
?9793 I Grain Size (Subc)

Limits of Liability. Subcontractor is expected to perform all reguested services
in accordance with appropriate methodology following Standard Operating Procedures
that meet standards for the industry. The total liability of ARI, its officers,
agents, employees, or sucessors, arising out of or in connection with the requested
services, shall not exceed the negotiated amount for said services. The agreement
by the Subcontractor to perform services requested by ARI releases ARI from any
liability in excess thereof, not withstanding any provision to the contrary in any
contract, purchase order or co-signed agreement between ARI and the Subcontractor.

! Carrier lAirbill | Date |
IRe( isRed b WM ICompa Yy 7 ’ lT:Lme I|
lR ceived b < lc l ID te Lo I'r }
eceive o ; a ime
{ mmggﬁLSLW&m._‘ n%pf SN / I /O |
| Carrier |Aairbill |Date [
:Relinquished by iCotLpany |Date lTime :
"J Received by ]|Company ‘Date I|'I‘i|'ne E

| | |

Page 1 - Last page of Subcontractor Custody Form - CY61l

KCSlip4 44012
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¢10vy $AIISOM

ROSA ENVIRONMENTAL AND GEOTECHNICAL LABORATORY, LLC

Analytical Resources Inc.
Cy61

Percent Finer Than Indicated Size

Sieve Size " " " #10 #20 #40 #60 #100 #200
" 1 3/ e 3/8 #4
(microns) 2 (2000) | (850) (425) (250) (150) (75)
GSA25 100.0 100.0 100.0 100.0 100.0 99.9 99.9 97.1 52.5 17.5 6.3 2.1
GSA40 100.0 100.0 100.0 100.0 100.0 100.0 100.0 97.8 60.5 21.2 9.7 4.0
1000-309




1224 ES)

v10vy $AIISOM

ROSA ENVIRONMENTAL AND GE }CHNICAL LABORATORY, LLC

Analytical Resources Inc.
CY61

Percent Retained in Each Size Fraction

Sieve Size |, 50 |4750-2000| 2000-850| 850-425 | 425-250 | 250-125 | 125.75 | <75

(microns)

GSAZ5 01 0.1 78 35 | 350 T a2 77

GSA40 0.0 0.0 22 373 | 392 15 57 20
1000-309




ROSA ENVIRONMENTAL AND GEOTECHNICAL LABORATORY, LLC

N
Analytical Resources Inc.
CY61
Moisture Content
Sample Identification Moisture Content
(%)
GSA25 245
GSA40 26.1
Y
Tests conducted according to ASTM D-2216
1000-309
r“‘\!

KCSlip4 44015
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ROSA ENVIRONMENTAL & GEOTECHNICAL LABORATORY, LLC.

ASTM D-422 GRAIN SIZE DISTRIBUTION

Project: CcY61
Sample No.: GSA25

N LI N® | wm #0 om0 om0 #650 #100 #200
[ AN | I,:#’
L 1N TR |
! e . k
i : .!i i
I ;
! |
ik I
i i i ,
L ; J
| | i I
' ! T i !
! 1 r |
! 1 : H
IREEE A | i
3 P L H ?
e RN
l i ‘ i";ii; }
_|;51: . (M!!‘ !
100000 10000 1000 100 10
GRAIN SIZE (MICRONS)
1000-309

100

80

60

40

20

PERCENT PASSING (FINER)
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ROSA ENVIRONMENTAL & GEOTECHNICAL LABORATORY, LLC.

ASTM D-422 GRAIN SIZE DISTRIBUTION

PijeCt: CY61
S_ample No.: GSA40

#40 #60 #100 #200

100000

1000-309

10000

1000 100 10
GRAIN SIZE (MICRONS)

100

80

160

40

420

PERCENT PASSING (FINER)




1001 SW Klickitat Way, Suite 107
R E G Lab WMBE ) * St?;ttl:,ywzlg:8134

Rosa Environmental & Geotechnical Laboratory, LLC (206) 287-9122

—

April 11, 2001

Mr. Tom McKeon

PPC

16935 SE 39" St.

Bellevue, WA 98008

Subject: Boeing EMF/WBF 1214-113, REGL Project No.: 1000-307
Dear Mr. McKeon,

Eleven samples from the referenced project were received for grain size analysis. Enclosed are
the data tables, and graphs.

Please call me to discuss any questions, or comments you may have.

T Best Regards,
Rosa Environmental & Geotechnical Laboratory, LLC.
Harold Benny
Laboratory Manager

KCSlip4 44018

SEA410548



1001 SW Klickitat Way, Suite 107
RE G Lab .. Seattle, WA 98134

Rosa Environmental & Geotechnical Laboratory, LLC (206) 287-9122
™
Client: PPC Project No.: 1000-307
Client Project: Boeing EMF/WBF 1214-113 Batch No.: 1000-307-01

Case Narrative

1. Eleven samples were received on April 5, 2001 for grain size analysis according to ASTM
D-422.

2. A triplicate was run on one sample and the results can be found in the tables.

3. Al samples appeared to be sands, except for GSD10 and GSWF5-10’ these samples had a
higher percentage of silt.

4. There were no anomalies in the samples or methods.

)

Released by: Date: 4! I\ ! 200 |

Title: Laboratory Lead
Approved by: M Kv\/ Date: f;[q‘[ '@o[

N ]
Title: Laboratory Manager —~

Page 1

KCSlip4 44019
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ROSA ENVIRONMENTAL AND Gt.. .LCHNlCAL LABORATORY, LLC

PPC
Boeing EMF/WBF 1214-113

Percent Retained in Each Size Fraction

Sieve Size | 750 |4750-2000| 2000-850 | 850-425 | 425-250 | 250-125 | 125-75 | <75
(microns)
GSD20 A 0.0 04 118_| 550 | 262 38 16 K
GSD208 0.0 05 114 | 576 | 236 | 38 16 15
GSD20C 0.0 04 115 | 550 | 259 | 37 16 19
GSD10 0.0 0.0 0.2 11 24 107 | 364 | 471
GSD30 0.1 05 130 | 437 | 260 | 97 38 3.1
GSB25 0.1 06 56 | 628 | 164 45 48 55
GSB45 0.0 04 47 583 | 247 | 56 33 29
GSWF5.55 0.1 08 2.2 268 | 401 | 139 | 90 52
GSWF5.15 0.0 0.0 2.9 519 | 345 | 73 17 17
GSD40 05 16 9.1 267|302 78 24 17
GSWF5-35 0.0 0.1 2.1 244|413 77 25 19
GSD45 0.1 13 M4 | 445 | 277 | 100 | 33 19
GSWF5-10° 0.0 00 0.0 15 5.2 38| 312 | 582
1000-307




ROSA ENVIRONMENTAL AND GEOTECHNICAL LABORATORY, LLC

PPC

Boeing EMF/WBF 1214-113

Moisture Content

Sample Identification Moisture Content
(%)
GSD20 A 16.6
GSD20 B 18.0
GSD20 C 230
GSD10 306
GSD30 18.9
GSB25 225
GSB45 210
GSWF5-55' 242
GSWF5-15' 21.0
GSD40 226
GSWF5-35' 248
GSD45 19.3
GSWF5-10' 285

Tests conducted according to ASTM D-2216

1000-307

KCSlip4 44021
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ROSA ENVIRONMENTAL AND GEu» %CHNICAL LABORATORY, LLC

PPC

Boeing EMF/WBF 1214-113

Percent Finer Than Indicated Size

Sieve Size " " " " " #10 #20 #40 #60 #100 #200
(microns) 2 ! uar | v 3B # o e000) | @®50) | (25 | @50) | (150) | (75)
GSD20A 1600 7000 | 1000 | 7008 | 7000 | 1000 | €96 | 878 | 328 | 66 | 27 K
GSD20 B 100.0 7000 1 1000 | 1000 | 1000 | 100.0 | 995 86.1 30.5 5.9 X 5
G5D20C 10007060 | 7000 | 1000 | 7000 | 100.0 | 995 | 881 | 831 | 72 | 35 | 19

GSD10 16007000 | 1000 | 000 | 700.0 | 1000 | 1000 | 997 | 986 | 962 | 855 | 47.
GSD30 <560 7000 | 7000 | 000 | 1000 | 999 | 994 | 864 | 426 | 166 | 69 | 3
GSB25 T060—7000 | 7000 | 7000 | 1000 | 999 | 993 | 9639 | 800 | 149 | 104 | 56
G5B15 T000— 17600 | 7000 | 1000 | 7000 | 1000 | 996 | 948 | 366 | 118 | 62 | 29
SSWFsEs 7000 | 000 | 1000 | 1000 | 1000 | 999 | 991 | ©40 | 682 | 2841 | 142 | 52
SSWFa=— 1000 | 7000 | 1000 | 1000 | 1000 | 1000 | 1000 | or1 | 452 | for | 34 | 17
GSD40 100.0 1000 | 1000 | 1000 | 1000 | 995 979 88.8 42.2 12.0 Y| 17
sSwFs3E | 7000 | 7000 | 1000 | 1000 | 1000 | 1000 | 999 | 078 | 534 | 121 | 44 | 19
GSD45 100.0 100.0 100.0 100.0 100.0 99.9 98.6 87.5 43.0 153 53 1.9
GSWF5.10 100.0 7060 | 1000 | 1000 | 1000 | 1000 | 1000 | 1000 | 984 | 932 | 894 | 582
1000-307
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ROSA ENVIRONMENTAL & GEOTECHNICAL LABORATORY, LLC.

ASTM D-422 GRAIN SIZE DISTRIBUTION

Project; Boeing EMF/WBF 1214-113
Sample No.: GSB25

&~ LI a® #40 #60 #100 #200
P A ? - ‘
) L i | 1 i il i‘ L 1
TR R | AN » |
: ] bl ! SN | i
| ’
B ' T
i Hika
: 1
: i i P ‘\
X ' I
iR
B HiR
b - L
f | s
s AR
I | .
P i Pt
1 | : s
‘ | L
| i
F ; SN s
| I RN N RN ;
100000 10000 - 1000 100 10

GRAIN SIZE (MICRONS)
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DRAFT REPORT FOR AQUIFER PUMPING TEST
EMF PLUME ON WEST SIDE OF NORTH BOEING FIELD

1.0 INTRODUCTION

This report summarizes the field work and data analysis/interpretation for an aquifer pumping test performed
near the west side of North Boeing Field. The general site vicinity is shown in Figure 1. This test was
conducted to determine hydraulic properties of the aquifer underlying North Boeing Field in the area where the
volatile organic compound (VOC) plume from the EMF site is located (along the westemn boundary with East
Marginal Way). A site map showing the location of the pumping test site and layout of monitoring wells is
shown in Figure 2.

The pumping test was conducted based on the recommendations of the project peer review team. The
primary aquifer property of interest is the hydraulic conductivity. The conductivity determined from the test is
one of the key paramefers used in transport and degradation rate constant calculations, as well as for design
of remedial actions if they are deemed necessary. The aquifer pumping test was used to evaluate a specific
stratigraphic interval of the aquifer where the EMF VOC plume is present. This specific vertical interval of the
aquifer is expected to have a higher hydraulic conductivity (relatively) than other portions of the aquifer (based
on visual observations of the soil texture and comparison of grain size distributions).

1.1 Summary of Test Procedures

The aquifer pumping test was conducted by extracting water from one well (extraction well) and observing the

drawdown in this well and four other wells (observation wells). The test was conducted in three parts —_
consisting of a step-drawdown fest, a constant rate test, and a recovery test. The step-drawdown test was

conducted by pumping the extraction well at increasing flow increments and measuring drawdown over time in

the extraction well.

The constant rate test was conducted by pumping the extraction well at a constant rate for a period of 24
hours. The constant rate test was started after the water elevation in the extraction well had fully recovered
from the step-drawdown test (approximately 20 hours after the step test). The water levels in the five wells
were monitored during the constant rate test. Water levels were monitored using pressure transducers and
data loggers as well as manual measurements using an electronic depth sounder (e-tape).

The recovery test began immediately after completion of the constant rate test. The recovery test was
conducted by measuring recovery of the drawdown in the extraction well and observation wells over time after
cessation of pumping.

Well EMF WF-35, a four inch diameter well, was used as the extraction well. The following 2-inch diameter
wells were used as observation wells:

EMF WF-27 29 feet from EMF WF-35
EMF WF-26 92 feet from EMF WF-35
EMF WF-28 174 feet from EMF WF-35
EMFWF-23 259 feet from EMF WF-35

EMF Pumping Test 1 10/10/01
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1.2 Summary of Background Information

Some general site background information is briefly summarized in this section. Additional information,
including boring logs/well construction details, grain size distributions of soil samples, and VOC plume cross-
section data, is presented in Appendix A.

The site is located in the Duwamish valley, approximately 1,500 ft northeast of the Duwamish Waterway. The
general stratigraphy at the site is as follows. The surface consists of the tarmac, which is underain by varying
depths of fill, ranging from approximately 3 to 8 feet in thickness. The fill is underlain by a silty zone, which
extends to a depth of approximately 15 to 20 feet below ground surface (bgs). Materials in this zone appear to
consist of approximately 50% fines (i.e., silt- and clay-sized particles). This zone is underlain by uniform fine
to medium sands, which extend to a depth of approximately 50 feet bgs. Based on particle-size analyses of
samples collected from this zone, this fine to medium sand zone contains approximately 1% fines (see
Appendix A). This zone is then underiain by interbedded sands and silts. Appendix A includes a cross section
showing the stratigraphy encountered in this area. The stratigraphy described here and Appendix A is
identical with the results of two previous geotechnical investigations conducted in the immediate area.

Rough estimates of the hydraulic conductivity of the aquifer in this area were previously made based on
evaluation of grain size distributions and the results of slug tests. Based on these data, the hydraulic
conductivity was estimated to be in the range of 60 to 170 f/day (2 x 10?cm/sec to 6 x 10% cmisec). These
initial estimates contain large uncertainty, which is one of the reasons the peer review team recommended
conducting an aquifer pumping test.

1.3 Organization

The remainder of this report describes how the pumping test was performed. Section 2.0 identifies the
equipment used to conduct the test. Section 3.0 presents the specific field procedures used. Section 4.0
describes the analysis of data and conclusions derived from the test. Section 5.0 presents conclusions
derived from the test and data analysis. Appendix A provides some relevant site background information.
Appendix B presents the data analysis plots used to estimate the hydraulic parameters of the aquifer.
Appendix C presents the water level response data. Appendix D presents the laboratory data sheets for the
samples analyzed.

2.0 EQUIPMENT

The equipment used to perform the aquifer pumping test is identified in Table 1. The submersible pump,
variable speed drive, and two of the pressure transducers were rented from Instrumentation Northwest. The
four double walled storage tanks (total capacity of 70,000 gallons) were rented from Baker Tanks. The
generator was rented from Prime Power. The data loggers and additional pressure transducers used were
Boeing-supplied equipment.

Piping was connected 1o the discharge port on the submersible pump and routed through the flow

meterfiotalizers, gate valve, and sample port to the four Baker tanks. A ball valve was installed at the base of
the hose leading into each of the Baker tanks.

EMF Pumping Test 4 10/10/01
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Table 1. Equipment Used

Item Quantity | Comments

4-inch submersible pump 1 Maximum capacity of approximately 50 gallons per
minute at 50 feet head. Includes discharge piping,
electrical wiring, and foot valve to prevent drainage into
well.

Variable frequency drive 1 Capable of operating pump up to 100 hertz.

Large electrical generator 1 Diesel generator was used to insure constant and
steady supply of electricity.

Gate valve 1 Installed on discharge line.

Totalizer/flow meter 2 Used to measure discharge from well.

Sampletap 1 Installed on discharge piping downstream of flow meter
and used to collect water quality samples.

8-channel datalogger ? Used to collect and store time-stamped measurements
from pressure transducers.

Vented, submersible pressure 5 Installed in extraction well and observation wells and

transducers used to measure water level. Transducers were
capable of measuring water levels to 0.01 ft (0.0043
psi).

Well sounder 1 Used to measure depth to water in extraction well and
observation wells. Sounder was capable of measuring
water levels to 0.01 fi.

pH, temperature, and specific 1ea. Used for field measurements of pH, temperature, and

conductance meters specific conductance. Included calibration solutions.

40-mL volatile organic analysis 8 Used to collect water samples for VOC analysis.

vials

Stop watch 1 Used to measure elapsed time during test.

Steel drum 1 55-gallon drum was used to collect quantity of water
over timed interval to verify accuracy of flow meter.

Double-walled 17,600 gallon 4 Used to collect water pumped from extraction well.

capacity Baker tanks Included pipe, hose, and valves from well head to
tanks.

EMF Pumping Test 5 10/10/01
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3.0 TEST PROCEDURES

The following sections describe the specific procedures used for each of the three tests:

. step-drawdown test,
. constant discharge test, and
. recovery test.

All test procedures were conducted in accordance with Project Performance Corporation's Foreign Object
Debris/Damage (FOD) Awareness/Prevention Program, which was part of the work plan for the pumping test.
Al staff participating in field activities associated with the pumping test received FOD awareness fraining prior
to working on the site.

3.1 Step-Drawdown Test

An e-tape was initially used to measure depth to water in the extraction well and the four observation wells
before the placement of the pump and the pressure transducers. Before measuring depth to water,
extensions to the well casing of approximately one foot were placed on each of the monitoring wells to bring
them up out of the flush-mount well completions.

The submersible pump was then set in the extraction well near the top of the screen interval (approximately 7
feet above the well bottom). The top of the well was covered with a two-hole compression well seal; one hole
for the discharge pipe and one hole for the transducer port. The pump was wired through the variable
frequency drive (VFD) controller to the generator.

Transducers were placed in all five wells between 7 and 15 feet below the static water level and secured at the
top to prevent movement during the lest. Transducers in the extraction well and the three closest observation
wells (EMF WF 35, 26,27, 28) were connected to one data logger. Monitoring well EMF WF-29 was
connected to a second data logger because it was further from the extraction well than the length of the
transducer cable. Both data loggers were programmed to collect data at different intervals over the testing
period.

The pump was tumed on for a few minutes to verify that all components were operating correctly. After the
pump was shut off, the transducer in the extraction well was reset at a lower depth. Time was allowed for the
extraction well to achieve full recovery before starting the step test.

The step test was performed using three steps. Each step was run until the depth to water in the extraction
well remained constant. Flow rates, the frequency (Hz) setting on the variable frequency drive (VFD) (i.e., the
relative speed to drive the motor), and equilibrated depth to water level in the extraction well for each step are
shown in Table 2. During this step test, one of the flow totalizers became stuck, which significantly increased
the operating head on the pump (the flow of water through the partially restricted totalizer was audible).

Problems were encountered when the VFD was set fo its maximum frequency of 100 Hz. At this maximum
setting, the pump would run for a while and then kick off with a motor overload message on the VFD. The
same problem was apparent at a 95 Hz setting, although the pump ran longer. At a 90 Hz setting the pump
ran reliably for about 90 minutes of testing. Based on discussions with the manufacturer it was decided to run
the pump at an 85 Hz setting for the constant rate fest.

EMF Pumping Test 6 10/10/01

KCSlip4 44047

SEA410577



Table 2. Step Test Parameters

Flow Rate Frequency Setting on VFD, Hz Final Depth to Water
20 gpm. 514 11.20 ft
30 gpm 69.6 12.28
40 gpm 90.4 13.84

3.2 Constant Discharge Test

After allowing adequate time for the water level in the extraction well to recover to pretest levels, preparations
were made to start the constant discharge test. A review of the step test data, as well as the problems with the
pump shutdown at VFD settings above 90Hz, dictated a VFD setting of 85 Hz. The flow meter reading at this
setting was 42 gallons per minute (gpm). This flow meter reading was calibrated with two tests to fill a §5
gallon drum and found to be about 5% low. After calibration, the actual pumping rate was determined to be

44.2 gpm.

Prior to starting the test, the data loggers were reprogrammed to collect pressure measurements at

appropriate intervals, totalizer values were recorded, and depth to water was measured in all five wells. The
pump was started for the constant discharge test on September 12 at 10:24 a.m. Fifty gallons of water were
pumped into a 55-gallon steel drum on a timed basis in order to calibrate the flow meters. This procedure was
repeated just prior to shutting off the pump at the end of the test. In addition to the data collected by the data
loggers, the depth to water was measured by hand at all five wells, flow rate and totalizer totals were recorded,
and controller frequency was noted at regular intervals. The hand recorded data were collected at two minute
intervals for the first ten minutes, ten minute intervals for the next twenty minutes, a thirty minute interval (in the
extraction well), and then hourly until the end of the test (in all of the wells).

Hand-measured depth to water readings compared very closely to the readings obtained by the data loggers
in wells WF-26 and WF-28. Exceptions ranging up to 0.15 feet were noted in wells WF-27, WF-29, and WF-
35. The cables leading from the transducers in those wells had a thick Teflon outer sleeve making them quite
stiff. This resulted in a significant arch in the cable where it came up out of the well riser, making it difficult to
securely fasten the cable preventing any movement in the transducer position. Review of the data logger
output indicated the point at which the movement of the transducer occurred and the numbers were adjusted
accordingly from that point until the end of the test based on the hand measured depth to water readings.

Water quality measurements were made with samples collected from the sample port a few hours after the
start of the constant discharge test at 1:11 pm. These measurements were made after first calibrating the pH
meter and total dissolved solids (TDS) meter using standards. Water quality measurements were made again
on September 13 at 4:49 a.m,, 6:45 a.m. and 10:00 a.m. Water quality measurements are shown in Table 3.

During the first and fourth water quality parameter sampling, samples were also collected and sent to ARI
Laboratories and analyzed for VOCs, anions, and cations. Results from these analyses are shown in Table 4.
Volatile organic samples were collected by filling two 40-ml vials from the sample port. Anion and cation
samples were collected by filling a 250-ml bottle from the sample port. Sample collection, handling, shipping,
and analyses were accomplished in accordance with the Project Quality Assurance Plan.
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Table 3. Water Quality Parameters

Date/Time Temperature TDS mg/l pH
September 12, 2001, 1:11 p.m. 16° C 300 6.87
September 13, 2001, 4:49 a.m. 14°C 300 6.95
September 13, 2001, 6:45 a.m. 14°C 310 6.85
September 13, 2001, 10:00 a.m. 15°C 300 6.90

Table 4. Analytical Resuits

September 12, 2001, 1:11 p.m.

September 13, 2001, 10:00 a.m,

Analyte Sampling Sampling
Vinyl Chloride 260 ug/L 320 uglL
1,1 Dichloroethene 12 ugll 12 uglh
trans 1,2 Dichloroethene 37 ug/lL 38 ugil
cis 1,2 Dichloroethene 1,300 ug/L 1,300 ug/L
trichioroethene <1ugl <1ugll
2-Butanone 9.8 uglL 8.3 uglL
Bromide 0.1 mg/L 0.1 mg/L
Fluoride 0.1 mg/L 0.1 mg/L
Chloride 18.7 mg/L 19.5 mg/L
Sulfate 22mg/lL 1.7 mg/lL
Barium 0.013 mg/L 0.012 mg/L
Calcium 30.8 mgiL 31.3 mg/L
Iron 20.9 mg/L 21.6 mg/L
Magnesium 14.4 mg/L 14.9 mg/L
Potassium 5.4 mg/L 5.5 mg/L

Evaluation of the datain Table 3 and Table 4 indicates that there was no significant leakage of water from
other aquifer zones (with different water chemistry) during the time period tested. The difference in
temperatures was likely caused by the difference in temperature of the container in which the sample was

placed.

Flow rate decreased slightly, perhaps 0.5 gallons per minute, during the second half of the test due to
additional head loss from the additional piping required to reach the two Baker tanks that were about 100 feet

further away.

The pump was turned off at 10:30 a.m. on September 13, 2001. Final totalizer values were recorded at that
time. During the constant discharge test, approximately 64,000 gallons of water were pumped into the Baker

tanks.
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3.3 Recovery Test

Just prior to turning off the pump at the end of the constant discharge test, the data loggers were
reprogrammed for the recovery test. As soon as the pump was turned off, data collected by the data loggers
was augmented with one round of manual depth to water measurements taken in all five wells. Data
continued to be collected for twenty four hours after pump shutdown.

At the end of the recovery test, all data was downloaded from the data loggers, equipment and piping was
disassembled, and the site was cleaned up.

4.0 DATA REDUCTION AND ANALYSIS

This section summarizes the results of the step-drawdown test, constant rate pumping test, and the recovery
test. These tests were conducted to determine hydraulic properties of the aquifer at the west side of North
Boeing Field where the plume from the EMF site is located. The basic model for data analysis of the pumping
test results is based on a solution of the transient ground-water flow equation in cylindrical coordinates, given
some boundary and initial conditions. A steady state solution to the Laplace equation is the Thiem equation.
For the non-steady state i.e., iransient flow conditions, the most common solutions are the Theis and the
Jacob methods, both of which assume constant pumping rates for the duration of the test. Modifications to
these basic methods have been developed to account for leakage from other water bearing zones (Hantush-
Jacob method).

4.1 Basic Assumptions for Pumping Test Equations/Data Analysis
In order for the aquifer pumping test equations (and corresponding data analysis) to be valid, certain

assumptions must be made about the aquifer, and the extraction and observation wells. The following general
assumptions are made for the basic equations used for analysis of the pumping test results:

. The aquifer has a seemingly infinite areal extent.

. The aquifer is homogeneous, isotropic and of uniform thickness over the area influenced by the
pumping lest.

. Prior to pumping, the potentiometric surface is (nearly) horizontal over the area influenced by the
pumping test.

. The aquifer is pumped at a constant discharge rate.

. The pumped well fully penetrates the entire thickness of the aquifer and is fully screened, thus
receiving water from the entire thickness of the aquifer by horizontal flow.

. Flol\;v towards the well is radial, i.e., equipotential surfaces are plane, concentric cylinders around the
well.

. Darcy's equation is applicable, i.e., laminar flow conditions exist in the aquifer.

. The pumped well is 100 percent efficient (i.e., there are no well losses).

. Transmissivity and storage coefficients remain constant with time.
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The following additional assumptions are required for the Theis solution to the transient groundwater flow
equation:

. The aquifer is confined.

. The flow to the well is in unsteady (transient) state, i.e., the drawdown differences with time are not
negligible nor is the hydraulic gradient constant with time or distance.

. The water removed from storage is discharged instantaneously with decline of head.

. The diameter of the pumped well is very small (i.e., insignificant), thus the storage in the well bore can
be neglected.

. The formation receives no recharge from any source.

The following additional assumptions are required for the Jacob solution to the transient groundwater flow
equation:

. The same conditions are assumed that apply to the Theis method.

. The values of u ( uis the well function W(u) of the Theis method) are small (u < 0.01) (the radial
distance [1] from the pumping well to the point of concem is small and the time [t] since pumping
started is large, therefore, later time hydraulic response data are used in the analysis).

In practice not all of these assumptions are fully met for most pumping tests. Careful analysis of the data and
judicious selection of curve fitling sections, however, allow for reasonable parameter estimates even in cases
where some of the assumptions are not met. The most important assumptions to be aware of in the data
analysis are the potential for leakage or boundary effects and selecting an appropriate straight line section for
the Jacob analysis method. For the purposes of this aquifer test, data analysis, and project objectives, the
assumptions are met in an approximate manner (although not fully) and parameter estimates derived are
believed to be representative of the actual aquifer conditions. The aquifer was assumed to have a uniform
thickness of 35 feet for the data analysis.

4.2 Validity of Tests

Water level trends, precipitation records, and barometric pressure changes were collected before, during, and
after the aquifer tests. There was no precipitation within the 24 hours before, during the pumping test, or
during the recovery period. Appendix C contains records collected before, during, and after the tests. Table 5
lists the water level at each well just before (09/10/01 at 12:30) and &t the completion of the aquifer tests
(09/14/01 at 10:16). The depth to water for wells WF-26, WF-27, and WF-28 shows no significant change.
The furthest well, WF-29, had not quite recovered to the initial value for depth to water. The depth of the
transducer at the pumping well WF-35 and WF-29 moved slightly during the test (see Section 3.2). The
barometric pressure during the pumping test ranged from 29.92 to 30.07 inches of mercury (Hg) The test
began and ended at 30.03 inches of Hg. The change in barometric pressure during the test is not considered
significant to impact the calculations of the aquifer properties (see Figure 3).
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The Jacob Straight-Line Methed is applicable only when steady-shape conditions are met at the observation
well (i.e., uin the well function W(u) is small). Steady-shape conditions prevail at a well when the cone-of-
depression (at that location) maintains a "steady shape”, although additional drawdown may still be occurring.
For steady-shape conditions, the Jacob Straight-Line Method can be applied. If the drawdown data collected
during this time interval of hydraulic response are plotted on a semilogarithic graph, the data points should
define a straight line. This simplifies calculation of the aquifer's hydrogeologic properties. To estimate when
steady-shape conditions have arrived at each observation well, u (the well function) is set equal to 0.1.
Substituting values of 0.002 (dimensionless) for storage coefficient (S) and 6.61 ft2/min for transmissivity (T)
(derived from the Hantush-Jacob analysis of well WF-27), Eq. 1 reduces to Eq. 2, where R, is the distance

from the pumping well in feet, and t is the time to steady-shape in minutes.

u=(RS)/(4TY)

t(min) = (0.000756) R,?

Eq. 1
Eq. 2

Table 5 lists calculated times when steady-shape was expected to have arrived at each observation well.
Steady-shape was reached early enough to allow the Jacob Straight-Line Method to estimate aquifer

parameters.

Table 5. Validity of Measurements

Final
Distance to Initial Depth to Time to Duration of | Drawdown in
Pumping Well | Depth to | water (ft) Steady- Pumping feet after 24
{feet) and water (24 hour shape Test hours of
Well direction (feet) recovery) | (minutes) (minutes) pumping
WF-35 NA 15.67 14.54* NA 1446 4.0
WF-27 29 -North 14.02 14.03 1 1446 0.48
WF-26 92 -South 9.55 9.54 6 1446 0.37
WF-28 174 -North 7.05 7.02 23 1446 0.30
WF-29 259 - West 15.37 15.44* 51 1446 0.21
Notes: * = transducer moved during test; NA = Not Applicable
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4.3 Step-Drawdown Test

The results of the step-drawdown test were used to determine the pumping rate for the constant rate test. The
maximum pumping rate that could be sustained was at a flow meter reading of 42 gallons per minute. The
flow meter was calibrated by pumping to a 55 gallon drum and the actual pumping rate for the constant rate
test was measured at 44.2 gallons per minute.

The drawdown measurements from the step drawdown test are shown in Figure 4. The three pumping rate
steps tested were 20, 30 and 40 gpm. The last step at 50 gpm failed because the pumped stopped. The data
for each of the steps is presented in Figure 5. This figure illustrates that the well indicates a nonlinear
(quadratic) increase in drawdown with increased pumping. The specific capacity (yield/drawdown) of the well
decreased by 30% as the pumping rate increased from 20 to 40 gpm. This nonlinear response probably
results because the well is not 100% efficient and is not fully penetrating.

4.4 Constant-Rate Pumping Test

The constant rate pumping test began on September 12, 2001, at 10:24 a.m. and was completed on
September 13, 2001, at 10:30 a.m. See Appendix C for the dates, times, and water levels recorded by the
data logger.

There are several graphical-solution methods to determine aquifer conductivity from pumping test data. The
Cooper-Jacob, Hantush-Jacob, Neuman, and Theis curves were reviewed for applicability for this pumping
test. The software product AquiferTest by Waterloo Hydrogeologic was use to match the pumping test data
onto the appropriate curve to determine transmissivity (T), and storativity (S). The hydraulic conductivity was
subsequently calculated (from the transmissivity) using an aquifer thickness of 35 ft. Additional calculations (in
an Excel spreadsheet) were used to calculate the distance-drawdown analysis, and to cross check the results
from the AquiferTest software package.

The first estimate of the aquifer conductivity was obtained using the Cooper-Jacob Distance-Drawdown
method (see Figures 6 and 7). A conductivity of 278 fi/day was calculated from the drawdown results at 12
hours and a value of 329 ft/day was calculated from the resuits at 24 hours. Note the high correlation
(R*=0.97 and 0.98) of the four data points for the regression analyses at both times of 12 and 24 hours.

The data in Figures 6 and 7 include the response data from observation wells in the North, South and West
directions from the extraction well. The data from the extraction well (WF-35) are not included in the
regression (and do not fit the regression line) because the response of the extraction well is affected by partial
penetration of the well and well inefficiencies. These two factors induce additional drawdown at the extraction
well (as observed) and the total drawdown is not representative of the aquifer response at the extraction well.
The high degree of correlation using data from different directions indicates little anisotropic effects in the
horizontal plane. The reasonably close fit of data points to the regression line suggests that the hydraulic
response of the aquifer in the immediate area is not significantly affected by the scale of heterogenities that
may be present (it appears as a nearly a homogeneous hydraulic response).
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Figure 6. Distance-Drawdown Analysis at 12 hours
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Graphs of the solutions using Cooper-Jacob Time-Drawdown, Hantush-Jacob, Neuman, and Theis curves are
presented in Appendix B. The results of these analyses are listed in Table 6 along with the aquifer conditions
that define each method. Well WF-27 was the first well analyzed and all four graphical solutions were applied
to drawdown data from this well.  For this single well, two of the data analysis methods (the Hantush-Jacob
Method and the Neuman Method) do not fit any of the matching curves well. When forced to match a type
curve, these two methods provide estimates of hydraulic conductivity that are about 20% of all the other
estimates (a factor of 5 lower). We were unable to find any reason why these parameter estimates are so
much different. The recovery data from this well, as well as the coresponding estimated hydraulic
conductivity, are consistent with the other estimates.

In an attempt identify possible errors in the data or the data analysis methods used, the Theis drawdown
equation was used to calculate the expected drawdown using the following parameters: pumping rate equal to
44.2 gpm, conductivity equal to 354 ft/day, aquifer thickness equal to 35 ft, storage coefficient equal to 0.002
and radial distance to the extraction well equal to 29 feet. The results of these calculations are presented in
Figure 8, which show a reasonable fit to the measured drawdown from about 5 minutes to 1330 minutes of the
pumping test. Based on this evaluation of these two suspect parameter estimates, they are deemed unreliable
and are not considered further.

After reviewing the results for the other wells, it was decided that the Cooper-Jacob Time-Drawdown and the

Hantush-Jacob methods best define the conditions of the aquifer. The drawdown data from the other three
wells were evaluated using just the Cooper-Jacob Time-Drawdown and Hantush-Jacob graphical solutions.

Table 6. Graphical Solutions for Transmissivity, Conductivity, and Storage Coefficient

Distance to Distance - Hantush- Cooper- Theis Neuman
Pumping Drawdown Jacob Jacob
Well (ft)
Well
Conditions Confined Confined, Confined, Confined Unconfined
Leaky small r, large
time
WF-35 | NA NA NA NA NA
WF-27 | 29 K=78 fi/day K=425 ft/day | K=270ft/day | K=84ft/day
K=278f/day | T=6.6ff/min | T =7.1ft%min | T=6.6f/min | T=2.1ft¥min
$=0.015 $=0.0006 $=0.0004 ‘
@12 hours
WF-26 | 92 K=533ft/day | K=433ft/day | NP NP
T =13 f2fmin | T=11 f/min
S$=0.0014 $=0.0022
WF-28 | 174 K=329 fi/day | K=443it/day | K=482ft/day | NP NP
S =0.008 T =11 f¥/min | T=12 ft¥/min
@24 hours $=0.0022 $=0.0020
WF-29 | 268 K=540 ft/day =425ft/day NP NP
T=13 f/min | T =10 f¥min
$=0.003 $=0.007
Notes: NA = Not Applicable; NP = Not Performed, K is hydraulic conductivity, T is transmissivity, S is storage
coefficient (dimensioniess)
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Figure 8. Comparison of Theis Drawdown Equation
with Measured Values for WF-27
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4.5 Recovery Test

After the pump was shut down at the complefion of the constant-rate pumping test, the data loggers recorded
the rise in water levels at all wells. This rise in water levels is known as residual drawdown (s’ on graphs).
Analysis of the residual drawdown allows for an independent check on the results of the pumping test.

The recovery test began on September 13, 2001, at 10:29 a.m. and was completed on September 14, 2001, at
10:12 a.m. See Appendix C for the dates, times, and water levels recorded by the data loggers. Again the
software package AquiferTest was used to calculate transmissivity. The process constituted fitting a straight
line to the measured data and the software calculates the corresponding transmissivity. The assumptions for
the recovery analysis to be valid are the same as the drawdown test. The results of the graphical solution for
the recovery data using the Theis recovery graph are listed in Table 7. The first estimate of the fransmissivity
was obtained using Figure 9. This figure contains the recovery data from all of the wells, and a “typical’ line
was fitted to the data. A more detailed calculation of the transmissivity based on the residual drawdown at
each individual well was then completed. The graphs are contained in Appendix B, and the results are listed
in Table 7. These results agree well with the results from the constant rate pumping test that are listed in
Table 6.

Each of the recovery test data plots indicates that the intersection of the zero residual drawdown (s’) occurs at
a ti’ ratio that is not equal to the ratio of #/'=1. Typically the intersection is around 2.5 to 3 on the &' axes.
This result is an indication of recharge to the aquifer during the test. Based on the understanding of the site
conditions it is expected that the recharge is derived from leakage from overlying/underlying lower
permeability zones.

Table 7. Graphical Solutions for Conductivity using Recovery Test Data

Well Name Hydraulic Conductivity (ft/day)
WF-35 372
WF-26 396
WF-27 325
WF-28 383
WF-29 416
Graph using data from all wells 396
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Figure 9. Graph of Recovery Test Data from All Wells
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5.0 CONCLUSIONS

The data analysis of the aquifers hydraulic response provides estimates of the hydraulic conductivity with a
mean value of 402 ft/day (of the estimates deemed reliable) and a standard deviation of 78 ft/day. The
observed hydraulic response of the aquifer is consistent with the expected response as a leaky confined
aquifer. Based on the these data, the hydraulic conductivity of the aquifer is expected to be approximately 400
fi/day (1.4 x 107 cm/sec).

The water quality parameters tested during the aquifer pumping test remained relatively unchanged over the
24 hour pumping period. The results are very similar to prior data collected in the immediate area. The water
contains high levels of iron (presumable dissolved iron because the water was clear on pumping but orange
after aeration and storage) so the redox conditions of the aquifer are expected to be strongly reducing. A
leakage response appears to have been observed in the extraction well. This conclusion is based on the
shapefinflections of the time vs. drawdown curve and the time ratio (t1') intercept of the zero residual
drawdown (s’) in the recovery test. However, very little change in the VOC levels were observed for the two
samples collected early and late in the test. A modest increase in vinyl chloride was measured (approximately
23% increase) but most other parameters remained about the same (VOCs, cation, and anions).

Given that the VOC plume is highly stratified and that all samples from about 20 to 30 feet bgs are near
detection limits for VOCs, the lack of any dilution from the overlying zone of clean water is an indication that
the leakage probably comes from the lower zone rather than the upper zone. The observed increase in vinyl

chloride is consistent with this interpretation because the deeper Geoprobe samples from the area had
increased vinyl chloride levels.
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Appendix B

Drawdown Plots/Data Analysis
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Pumping Test Data
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EMF Piume Aquifer Pumping Test (Neumen)
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EMF Plume Aquifer Pumping Test (Harntush-Jacob)
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EMF Plume Aguiter Pumping Test (Cooper-Jacob Time-Drawdown)
Time [min]
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| VWF 28

Transmissivity: 1.17E+1 f&/min Storativity: 2.02E-3
Conductivity: 3.35E-1 ft/min
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EMF Plume Aquifer Pumping Test (Hantush-Jacab)
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EMF Piume Aquifer Pumping Test (Hertush-Jacok)
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EMF Plume Aguifer Pumping Test (Cooper-Jacob Time-Drawcdown)
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Recovery Test (Theis Recovery)
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Recovery Test (Theis Recovery)
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Recovery Test (Theis Recovery)
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Recovery Test (Theis Recovery)
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Recovery Test (Theis Recovery)
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Pumping Test Data
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‘Elapse

IS

IS

'S

Date Time  Minutes |WF-28 Ift WF-35 [ft WF-26  ft

09/12/01 10:24:00 0.00] 704 000[ 1458 0.00] 9.58 1 0.00
09/12/01_10:24:05 0.08] 705 o000| 1458 0.00] 9.581 0.00
09/12/01 10:24:10 017 7.05 000| 1456 0.02] 9.58 | 0.00
09/12/01 10:24:15 025 7.05 000| 1458 000] 9.57! 0.01
09/12/01 10:24:20 033 7.04 000| 1458 0.00] 9.59 | 0.00
09/12/01°10:24:25 042 7.05 000| 1458 0.00] 9.58 | 0.00
09/12/01  10:24:30 050 704 000] 1456 002 958 0.00
'09/12/01  10:24:35 058/ 7.05 000| 1459 0.00] 958 | 0.00
09/12/01: 10:24:40 067] 7.03 001] 1440 0.18 9.59 | 0.00
09/12/01 10:24:45 0.75] 7.03° 001] 1221 237 9.58 | 0.00
09/12/01 10:24:50 0.83] 7.03 001| 11.12 346 9.57 | 0.01
09/12/01.10:24:55 092 703 0.01] 1069 3.89 9.58 | 0.00
09/12/01 10:25:00 1 703 001] 1060 3.98| 9581 0.00
09/12/01 10:26:30 25| 7.02 002| 1051 4.07 9.52 | 0.06
 09/12/0110:27:50 4 701 003] 1034 424 951 0.07
09/12/0110:30:01 6] 700 004] 1029 429 9.49 | 0.09
09/12/01°10:32:01 8| 699 005| 1025 433 948 | 0.10
09/12/01°10:34:01 10/ 698 006| 1045 413 9.47 | 0.11
09/12/01 10:43:54 20 69 008]| 1029 4.29 943 ' 0.15
09/12/01  10:55:40 32| 693 011 1024 434 9411 0.17
09/12/01: 11:15:40 52| 691 0.13] 1019 4.39 9.38 | 0.20
09/12/01  11:35:40 72| 689 015] 1029 429 9.37 « 0.21
09/12/01° 11:55:40 92| 689 015| 1030 4.28 9.36 | 0.22
| 09/12/01  12:15:52 112| 688 0.16] 1030 4.28 9.34 | 0.24
09/12/01 12:35:28  132.0] 6.87  017] 1032 4.26 9.34 | 024
09/12/01 12:55:28 152| 686 0.18| 1019 4.39 9.34 ' 024
09/12/01° 13:15:28 172| 686 0.18]| 1027 4.32 9.33 | 025
09/12/01 13:35:28 192 686 0.18] 1021 4.37 9.32 | 026
09/12/01 13:55:28 212 6.8 0.18] 1023 435 9.33 | 0.25
09/12/01 14:15:28 232] 6.8 018] 1027 432 9.32 | 0.26
09/12/01  14:35:28 252| 685 0.19]| 1012 4.46 9311 027
09/12/01  14:55:28 272| 685 019] 1017  4.41 9.32 | 0.26
09/12/01 15:15:28 292] 6584 020] 10.08 450 9.32 | 0.26
09/12/01" 15:35:28 312 684 020| 1014 445 9.32 | 0.26
09/12/01  15:55:28 332] 683 021] 1019 439 9.31] 027
09/12/01: 16:15:28 352 684 020| 10.15 443 9.31 | 027
09/12/01 16:35:28 372| 683 021| 1021 437 9.31| 027
09/12/01 16:55:28 392 683 021] 1037 421 9.31 | 0.28
09/12/01° 17:15:28 412 683 021]| 10.16 442 9.31 | 0.28
09/12/01° 17:35:28 432| 683 021] 1032 4.26 9.30 | 0.28
09/12/01! 17.55:28 452| 683 021] 1031 427 9311 028
09/12/01  18:15:28 472 683 021]| 1022 436 9.31 | 0.28
09/12/01! 18:35:28 492 683 021 1011 447 930 | 0.28
09/12/01 18:55:28 512| 683 021]| 1021 437 9.31 | 0.28
09/12/01  19:15:28 532| 6.83: 0.21]| 1011 447 9.30 | 0.28
09/12/01 19:35:28 552] 682 022]| 1021 437 9.29 | 0.29
09/12/01° 19:55:28 572| 681 0.23| 10.14 445 9.29 | 0.29
09/12/01  20:15:28 592| 681 023| 1018 440 9.28 | 0.30
09/12/01 20:35:28 612] 6581 023| 1030 4.28 9291 0.29
09/12/01, 20:55:28 632 681 023]| 1021 437 9.28 | 0.30
09/12/01; 21:15:28 652 6.81 0.23| 1003 455 9.28 | 0.30
09/12/01. 21:35:28 672] 681 023] 1005 453 9.28 | 0.30

app_c_wells_part1.xis
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09/12/01 21:55:28 692] 681 023] 10.02 456 9291 0.29
- 09/12/01 22:15:28 712 6.81 0.23 10.38 420 929 | 0.29
09/12/01. 22:35:28 732 6.81 0.23 10.32 4.26 929 | 029
09/12/01° 22:55:28 752 681 0.23 10.08 450 929 | 0.29
[ 09/12/01 23.15:28 772| 680 024| 10356 423 9.28 | 0.30
09/12/01, 23:35:28 792 6.81 0.23 10.29 429 9.28 | 0.30
09/12/01 23:55:28 812 680 024 10.20 438 9.28 | 0.30
09/13/01- 0:15:28 832 6.80: 0.24 10.18 4 .40 928 | 0.30
09/13/01 0:35:28 852 681 0.23 10.36 422 928 | 0.30
09/13/01  0:55:28 872 6.80 - 0.24 10.18 - 4.40 928 | 0.30
09/13/01 1:15:28 892 6.80 0.24 10.33 425 928 | 0.30
09/13/01  1:35:28 - 912 6.80 0.24 10.30 428 9.28 | 0.30
09/13/01 1:55.28 932 6.80 . 0.24 10.34 424 928 | 0.30
09/13/01  2:15:28 952 6.80: 024 10.07 4.51 929 029
09/13/01, 2:35:28 972 6.80 0.24 10.23 435 928 | 030
09/13/01. 2:55:28 992 6.80 ¢ 0.24 10.17 4.41 928 030
09/13/01 3:15:28 1012 6.80 0.24 10.21 4.37 928 | 0.30
09/13/01. 3:35:28 1032 6.80 ¢ 0.24 1034 . 4.24 928 | 0.30
09/13/01  3:55:28 1062 6.80: 0.24 10.31 4.27 9281 0.30
09/13/01 41528  1072| 680 024| 1023 435[ 9271 0.31
"00/13/01  4:35:228  1092| 680 024| 1015 4.43 928 1 0.30
09/13/01: 4:55:28 1112 6.80 0.24 10.14 . 445 928 | 0.30
09/13/01° 5:15:28 1132 6.80  0.24 10.15 443 9.27 | 0.31
09/13/01 5:35:28 1152 6.79 0.25 1016 : 442 927 | 0.31
| 09/13/01 5:55:28 1172 6.79 0.25 10.49 4.09 927 . 0.31
09/13/01: 6:15.28 1192 6.79 025 10.20 4.38 927 | 0.31
09/13/01 6:35:28 1212 6.79 0.25 10.25 433 926 0.32
09/13/01 6:55:28 1232 6.78° 0.26 10.10 ”/4.48 926! 0.32
09/13/01 7:1628  1252| 677 027| 1028 430| 9.25| 033
09/13/01 7:35:28 1272 6.77: 027 10.30 4.28 925 0.33
09/13/01: 7.55:28 ”12792 6.77 0.27 10.07 - 4.51 924 | 0.34
J)9113/01 8:15:28 1312 6.77 0.27 10.11 ' 447 g24 | 034
09/13/01; 8:35:28 1332 6.76 1 0.28 10.06 : 4.52 924 | 034
09/13/01' 8:55:28 1352 6.76 : 0.28 10.17 4.41 024 | 034
09/13/01  9:15:28 1372 6.75: 0.29 10.19 4.39 923 | 035
09/13/01° 9:35:28 1392 6.75! 0.29 10.16 442 9.22 | 0.36
09/13/01: 9:55:28 1412 6.75' 0.29 10.03 + 455 9.21 | 0.37
09713/011 10:15:28 1432 6.75°' 0.29 1019 ¢ 4.39 9.21 0.37
09/13/01! 10:29:&_ 1446 6.75 ' 0.29 997 - 461 9.21 0.37
'Elapse IS IS
Date Time Minutes |WF-28 Ift WF-35 ft WF-26

app_c_wells_part1.xls
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Well WF-29

Date and Time elasped time in drawdown in

minutes feet

9/12/2001 10:24 0
9/12/2001 10:26 2 0.002
9/12/2001 10:36 12 0.012
9/12/2001 10:46 22 0.034
9/12/2001 10:56 32 0.045
9/12/2001 11:06 42 0.045
9/12/2001 11:16 52 0.056
9/12/2001 12:33 129 01
9/12/2001 13:30 186 0.12
9/12/2001 14:33 249 0.13
9/12/2001 15:33 309 0.13
9/12/2001 16:33 369 0.13
9/12/2001 17:33 429 0.14
9/12/2001 18:33 489 0.14
9/12/2001 19:33 549 0.15
9/12/2001 20:33 609 0.15
9/12/2001 21:34 670 0.16
9/12/2001 22:32 728 0.15
9/12/2001 23:33 789 0.17
9/13/2001 0:36 852 0.17
9/13/2001 1:45 921 0.18
9/13/2001 2:34 970 0.17
9/13/2001 3:39 1035 0.18
9/13/2001 4:44 1100 0.18
9/13/2001 6:15 1191 0.19
9/13/2001 7:39 1275 0.2
9/13/2001 8:54 1350 0.21

ann ¢ well 29 xIs
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elasped time adjusted DD
in minutes in feet
0.00 0.00
0.09 0.00
0.17 0.00
0.25 0.00
0.34 0.00
0.42 0.00
0.50 0.00
0.59 0.00
0.67 0.07
0.75 0.10
0.84 0.09
0.92 0.12
1.00 0.12
1.08 0.15
1.17 0.14
1.25 0.14
1.33 0.17
1.42 0.17
1.50 0.17
1.58 0.16
1.66 0.16
1.75 0.22
1.83 0.17
1.91 0.21
2.41 0.19
2.49 0.19
2.58 0.23
266 0.20
2.74 0.16
2.82 0.21
2.91 0.23
2.99 0.20
3.07 0.20
3.16 0.20
324 0.22
3.32 0.22
341 0.21
3.49 0.22
357 0.23
3.65 0.21
3.74 0.23
3.82 0.24
429 0.24
4.38 0.23
4.51 0.22
475 0.24
5.00 0.24
5.26 0.24
5.50 0.24
5.74 0.25
5.99 0.25
6.24 0.26

Well WF-27

app_c_well_27.xIs
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6.49
6.74
6.99
7.24
7.49
7.74
7.98
8.23
8.48
8.73
8.98
9.23
9.48
9.73
10.47
10.72
10.97
11.22
11.47
11.72
11.97
12.21
12.85
13.84
14.84
16.83
16.83
17.82
18.82
19.81
20.81
21.80
22.80
23.79
24.79
25.79
26.55
31.53
36.50
41.48
46.46
51.43
56.41
61.39
66.36
125.00
183.00
245.00
305.00
365.00
425.00
485.00
545.00
605.00

0.256
0.25
0.26
0.25
0.27
0.26
0.26
0.26
0.25
0.27
0.27
0.27
0.26
0.27
0.28
0.29
0.28
0.27
0.28
0.27
0.28
0.28
0.28
0.32
0.30
0.28
0.30
0.33
0.30
0.30
0.33
0.32
0.33
0.32
0.32
0.34
0.33
0.32
0.34
0.34
0.35
0.36
0.36
0.37
0.38
0.41
0.42
0.42
0.42
0.44
0.46
0.45
0.46
0.47

Well WF-27

app_c_well_27.xis
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666.00
724.00
785.00
848.00
917.00
966.00
1031.00
1094.00
1197.00
1271.00
1343.00
1271.00
1343.00

0.47
0.47
0.48
0.48
0.48
0.48
0.48
0.48
0.50
0.51
0.52
0.51
0.52

Well WF-27

app_c_well_27.xis
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Recovery Test Data
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EMF WF Pump test

Well WF-28 |Well WF-27 [Well WF-35 |Well WF-26 fWelI WF-29 Mininutes
Date Time DBW* it ¢’ DBWTft s DBWft s' DBW ft s' DBWft s from start
09/13/01 10:29:58] 6.75 0.00} 13.36 0.00] 10.23 0.00f 921 0.00] 15.28 0.00 0.0
09/13/01 10:30:08) 6.76 0.01| 13.58 0.22| 14.13 390, 9.1 0.00] 15.28 0.00 0.2
09/13/01 10:30:18] 6.76 0.01] 13.62 0.26] 14.16 3.93] 9.2 0.00] 15.28 0.00 03
09/13/01 10:30:28 6.77 0.03] 1363 0.27] 14.16 393 921 0.00] 15.28 0.00 05
09/13/01 10:30:58] 6.77 0.02| 13.67 0.30| 14.22 3.08] 9.24 0.03] 15.28 0.00 10
09/13/01 10:31:28| 6.77 0.02} 13.70 0.34| 14.24 401 9.25 0.04] 15.28 0.00 15
09/13/01 10:32:24 6.77 0.02] 13.72 0.36| 14.27 404 927 0.06] 15.28 0.00 25
09/13/01 10:34:08] 6.79 0.04f 13.75 0.39| 14.27 4.04f 9.30 0.09] 15.29 0.01 4
09/13/01 10:39:18 6.81 0.06] 1377 0.41] 14.32 408 9.32 0.11} 1529 0.01 9
09/13/01 10:44:.05| 6.82 0.07f 13.81 0.44| 14.36 413 9.34 0.13| 15.30 0.02 14
09/13/01 10:52:36 6.84 0.08] 13.84 0.48{ 14.36 413} 9.37 0.16] 15.31 0.03 23
09/13/01 11:02:36] 6.87 0.12] 13.86 0.50| 14.38 415 9.38 0.17| 156.32 0.04 33
09/13/01 11:12:36| 6.88 0.13] 13.87 0.51] 14.41 418 940 0.19] 15.33 0.05 43
09/13/01 11:32:36| 6.89 0.14] 13.89 0.53| 14.42 419 9.41 0.20] 15.34 0.06 63
09/13/01 11:52:36] 6.90 0.15] 13.91 0.55| 14.42 4.19] 943 0.22| 15.35 0.07 83
09/13/01 12:12:36 6.92 0.17f 13.83 0.66| 14.45 421 9.44 0.23] 15.35 0.07 103
09/13/01 12:32:36] 6.93 0.18| 13.93 0.56| 14.45 421 9.45 0.24] 15.37 0.09 123
09/13/01 12:52:36 6.93 0.18] 13.94 0.57| 14.45 421 9.45 0.24| 15.38 0.10 143
09/13/01 13:12:36] 6.94 0.19] 13.94 0.57| 14.45 421 9.46 0.25] 15.38 0.10 163
09/13/01 13:32:36 6.94 0.19| 1395 0.58] 14.48 424 946 0.25] 15.39 0.11 183
09/13/01 13:52:36] 6.95 0.20] 13.94 0.57| 14.47 423 947 0.26] 15.39 0.1 203
09/13/01 14:12:36 6.96 0.21} 13.95 0.58| 1447 423 947 0.261 15.39 0.11 223
09/13/01 14:32:36] 6.95 0.20] 13.96 0.60f 14.47 423 948 0.27] 15.39 0.11 243
09/13/01 14:52:36] 6.96 0.21] 13.97 0.61| 14.48 424] 949 0.28f 15.39 0.11 263
09/13/01 1512:36 6.96 0.21| 13.97 0.61| 1450 427 9.49 0.28| 15.40 0.12 283
09/13/01 15:32:36 6.96 0.21] 13.97 0.61| 14.50 427 949 0.28] 1541 0.13 303
09/13/01 15:52:36 6.97 022| 13.98 062| 14.50 4.27 9.50 0.29] 15.41 0.13 323
09/13/01 16:12:36] 6.97 0.22] 13.98 062 14.49 426| 9.50 0.29] 15.41 0.13 343
09/13/01 16:32:36f 6.98 0.23] 13.88 062] 14.51 428 9.50 0.29] 15.42 0.14 363
09713/01 16:52:36 6.98 023} 13.89 0.63| 14.52 4.29 9.51 0.30| 1542 0.14 383
09/13/01 17:12:36| 6.98 0.23] 14.00 0.64] 14.51 4.28| 9.51 0.30] 1542 0.14 403
09/13/01 17:32:36| 6.98 0.23] 13.99 0.63] 14.51 428 9.52 0.31] 15.43 0.15 423
09/13/01 17:52:36 6.98 0.23] 13.99 0.63] 14.52 429 9.52 0.31| 1543 0.15 443
09/13/01 18:12:36| 6.99 0.24] 14.00 064 14.51 4.28{ 952 0.31] 15.43 0.15 463
09/13/01 18:32:36] 6.98 0.23| 14.00 064 14.52 429 953 0.32| 1544 0.16 483
09/13/01 18:52:36| 6.99 0.24] 14.00 0.64] 14.53 430 9.53 0.32| 1544 0.16 503
09/13/01 19:12:36] 6.99 0.24] 13.99 0.63] 14.54 431 9.53 0.32| 1544 0.16 523
09/43/01 19:32:36 7.00 0251 14.01 065] 1454 431 9.54 0.33] 1544 0.16 543
09/13/01 19:52:38] 7.00 0.25| 14.00 0.64] 14.53 430 953 0.32| 1544 0.16 563
09/13/01 20:12:36 6.99 0.24] 14.01 0.65| 14.54 431 953 0.32] 1545 0.17 583
09/13/01 20:32:36 6.98 0.23] 14.01 0.65] 14.54 4.31 9.54 0.33] 1545 0.17 603
09/13/01 20:52:36| 6.99 0.24{ 14.00 0.64| 1454 431 98.53 0.32] 1544 0.16 623
09/13/01 21:12:36 6.99 024 1389 0.63] 14.53 430 9.53 0.32] 15.44 0.16 643
09/13/01 21:32:36| 6.98 0.23] 14.00 0.64] 14.52 4291 953 0.32| 15.44 0.16 663
09/13/01 21:52:36| 6.99 0.24| 14.01 0.65| 14.52 429} 954 0.33] 1543 0.15 683
09/13/01 22:12:36] 6.99 0.24] 14.00 0.64] 14.52 429 9.3 0.32] 1544 0.16 703
09/13/01 22:32:36] 6.99 0.24| 14.00 0.64] 14.54 431 9.53 0.32] 1543 0.15 723
09/13/01 22:52:36| 7.00 0.25| 14.01 0.65| 14.54 4.31 9.54 0.33] 1544 0.16 743
09/13/01 23:12:36 6.99 0.24] 14.01 0.65| 14.53 4.30 9.53 0.32| 1543 0.15 763
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091301 23:32:36f 6.99 0.24| 14.00 0.64| 14.54 431 9.53 0.32] 1544 0.16 783
09/13/01 23:52:36 7.00 0.25| 14.00 0.64} 1453 430 954 0.33] 15.44 0.16 803
09/14101  0:12:36 7.00 0.25] 14.00 0.64] 1453 430] 954 0.33] 15.45 0.17 823
09/14/01  0:32:36 7.00 0.25] 14.01 0.65| 14.53 430 9.54 0.33] 15.44 0.16 843
09/14/01  0:52:36 7.00 0.25] 14.01 D.65] 14.55 432 9.54 0.33] 15.43 0.15 863
09/14/01  1:12:36 7.01 0.26] 14.02 D.66| 14.55 4.32 9.55 0.34] 1544 0.16 883
09/14/01  1:32:36 7.00 0.25| 14.02 D.66| 14.55 4.32 955 0.34] 15.44 0.16 903
09/14/01  1:52:36 7.01 0.26] 14.01 0.65| 14.55 432 9.55 0.34] 1545 0.17 923
09/14/01  2:12:36 7.01 0.26] 14.02 D.66] 14.5% 432 955 0.34] 1545 0.17 943
09/14/01 2:32:36 7.01 0.26] 14.01 D65 1455 432 9.56 0.35] 1545 0.17 963
09/14/01  2:52:36 7.02 0.27] 14.02 0.66] 14.55 432 9.56 0.35| 15.46 0.18 083
09/14/01  3:12:36 7.02 0.27] 14.02 0.66| 14.56 4.33 9.56 0.35| 1545 0.17 1003
09/14/01  3:32:36 7.01 0.26] 14.01 0.65] 14.55 4.32 9.56 0.35| 1544 0.16 1023
00/14/01  3:62:36 7.01 0.26f 14.02 0.66] 14.56 4.33 9.57 0.36{ 15.48 0.18 1043
09/14/01  4:12:36 7.02 0.27] 14.02 0.66{ 14.55 4.32 9.56 0.35| 15.45 0.17 1063
09/14/01  4:32:36 7.02 0.27] 14.03 0.67| 14.56 4.33 9.57 0.36] 15.46 0.18 1083
09/14/01 4:52:36 7.01 0.26] 14.03 0.67| 14.58 4.34 9.58 0.37] 15.46 0.18 1103
09/14/01  5:12:36 7.02 0.27] 14.06 0.69] 14.56 433 9.58 0.37} 1545 0.17 1123
00/14/01  5:32:36 7.02 0.27] 14.03 0.67| 1455 4.32 958 0.37] 1546 0.18 1143
09/14/01  5:52:36 7.02 0.27] 14.06 0.69] 14.58 4.34 9.58 0.37] 1546 0.18 1163
09/14/01  6:12:36 7.02 0.27] 14.02 0.66| 1456 4.33 957 0.36] 1545 017 1183
09/14/01 6:32:36 7.02 0.27| 14.02 0.66] 14.58 4.34 9.58 0.37| 1545 0.17 1203
09/14/01 6:52:36 7.02 0.27} 14.02 0.66] 14.58 4.34 9.58 0.37] 1545 0.17 1223
09/14/01 7:12:36 7.02 0.27f{ 14.03 0.67| 14.56 4.33 9.57 0.36] 1545 0.17 1243
09/14/01 7:32:36 7.01 0.26| 14.01 0.65| 14.56 4.33 9.56 0.35] 15.45 0.17 1263
09/14/01  7:52:36 7.01 0.26) 14.02 0.66| 14.55 432 9.56 0.35] 1544 0.16 1283
09/14/01 8:12:36 7.01 0.26| 14.02 0.66] 14.56 433] 9.56 0.35] 15.45 0.17 1303
09/14/01 B:32:36 7.01 0.26] 14.02 0.66] 14.56 433 9.56 0.35| 1545 0.17 1323
09/14/01  8:52:36] 7.01 0.26] 14.02 0.66] 14.56 433] 9.56 0.35| 15.44 0.16 1343
09/14/01  9:12:36 7.01 0.26] 14.01 0.65| 14.56 4.33 9.56 0.35] 15.44 0.16 1363
09/14/01  9:32:36 7.01 0.26] 14.02 0.66] 14.54 431 9.55 0.34] 15.45 017 1383
09/14/01  9:52:36 7.01 0.26] 14.03 0.67] 1454 4.31 9.55 0.34| 15.44 0.16 1403
09/14/01 10:12:58 7.02 0.27] 14.02 0.66] 14.54 431 9.65 0.34] 15.44 0.16 1423
notes:* =Depth to Water

Well WF-28 |Well WF-27 [Well WF-35 {Well WF-26 |Well WF-29 [Mininutes
Date Time DEW*ft s' DBW 1t s' DBW Tt s' DBW1ft s’ DBW 1t s' from start
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Appendix D - Summary of Quarterly Monitoring Data EMF Site

EMF Data Summar2.wpd 1/16/02
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Changes in TCE Concentrations within Plume Since Remediation Started: On-site wells

location/description[Peak T CE

Current TCE|% Reduction from|Other notes

well name
concentration |concentration [peak concentration
L ugil g/L (10/29/01)
MW-6 upgradient on-site 39 1 97%
NV-01 source area 1,007,000 60,000 94% well where TCE
|NAPL was recovered
MW.-8 central plume area 24230 990 96%
MW-1s near N. plume edge 195 140 28%
MW-1d near N plume edge 3380 150 96%
NV-2 central plume area 52,000 24,000 54% well completed to deeper
depth in 4/2000
MW-10 near S plume edge 29100 400 98%
MW-9 central plume 18900 50 100%
MW-16 central plume 3140 90 97%
MW-17 central plume 4760 10 100%
MW-24 central plume 2000 nd 99%
MW-11s central plume 12 nd NA
MW-11d central plume 2300 nd 99%
MW-13d central plume 1200 nd 92%
MW-12d [North plume limit nd nd NA
MW-14d South plume limit nd nd NA
Average % Reduction
88%
mean 82,018 8,583 90%
geometric mean 2,795 236 92%
EMF Data Summar2.wpd 1/16/02
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Changes in DCE Concentrations within Plume Since Remediation Started: On-site wells

well name location/description|P ea k D C E[Current DCE|% Reduction from|Other notes
concentration |concentration jpeak concentration
J_ g/L g/l (10/29/01)
MW-6 upgradient on-site  |nd nd NA
NV-01 source area nd nd NA well where TCE
NAPL was recovered
MW-8 central plume area 25200 640 97%
MW-1s near N. plume edge 1010 35 97%
MW-1d near N plume edge 17600 790 96%
NV-2 central plume area 18100 11000 39% well completed to deeper
depth in 4/2000
MW-10 near S plume edge 12000 3400 72%
MW-9 central plume 1350 6 100%
MW-16 central plume 6610 130 98%
MW-17 central plume 6180 2900 53%
MW-24 icentral plume 27100 2900 89%
MW-11s central plume 5300 2800 47%
MW-11d central plume 18300 5000 73%
MW-13d central plume 27500 3400 88%
MW-12d North plume limit 26 nd NA
MW-14d South plume Timit 1.3 nd NA
Average % Reduction
78%
mean| 11,875 2,750 77%
geometric mean 2,735 877 68%
EMF Data Summar2.wpd 1/16/02
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Changes in Vinyl Chloride Concentrations within Plume Since Remediation Started: On-site wells

well name location/description]P e a k V ClCurrent VC[% Reduction from|Other notes
concentration [concentration |peak concentration
ug/L ug/L (10/29/01)
MW-6 upgradient on-site nd nd NA
NV-01 source area nd nd NA well where TCE NAPL was
recovered
MW-8 central plume area 3690 46 99%
MW-1s near N. plume edge 113 nd 99%
MW-1d near N plume edge 2160 160 93%
NV-2 central plume area 4220 2500 41% well completed to deeper
idepth in 4/2000
MW-10 near S plume edge 2100 400 81%
MW-0 central plume 430 29 93%
MW-16 central plume 4140 41 89%
MW-17 central plume 4190 3300 21%
MW-24 central plume 16200 770 95%
MW-11s central plume 1600 1000 38%
MW-11d central plume 2920 2100 28%
MW-13d central plume 23100 9000 61%
MW-12d ___|North plume fimit nd nd NA
MW-14d South plume limit nd nd NA
Average %
Reduction
71%
mean 5,322 1,759 67%
geometric mean| 2,605 493 81%
EMF Data Summar2.wpd 1/16/02
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(3] Gonli 224,000 pgt

PAST |PAST
LOW HIGH Oct-01

LOW - LOWEST DETECTION SINCE JULY 1897 OR WELL INST.
HIGH « HIGHFST DFTFCTION SINCF LY 1997 OR WFI | INST

October 2001 EMF-NV.01 |<D00  |<8000 [240 E
0 25 80 75 © 1 MONTORING WELL LOCATION & DESIGNATION
cls-1,2-Diohloreethene e ———r @ nNvo1  TREATMENT WELL LOCATION & DESIGNATION
Approximate Scals in Feet nt WELL NOT TESTED
KING COUNTY POLICE
7
@ [Evruwr < jie int ]
PER R ROA
; T i T T T T T T
| EQUIPMENT @ [ENFwws [<w  Jooo Jwou ]
’ TRAILER ¢
|
|
e
| | e
NVt
|EmMF-Nv.01  [<Do0 <5000 240 |
EQRMER 3-962 BLDG
EMF.MW.8_ |28 25200 ]840

[sMPr-Nv-02 [328 |00 Tivoo |
EMF-MW-38 [<100 |22 In 1 TR Nvaz
EMF-MW.SD [<100 _ [®.1 | e| ERE MWD Hae @ 1o [EMEMW.w T4 Q000 | 3400
3D SV @@
© 25 1s 1D J
[emrF-mw.s  [<100 2400 ot ] ) “/] EMF-MW-18_|27700__|6830 It 1
- 9 @ 18 ¢ [|EMF-NW-% [002 |sep  |u0 ]
[Emr-mw.1s o200 w200 Int ] 19 @
o e @ T lEmremwerr jesz  fswo  [2800D |
N
" @
[Eiruws o Jen 1 2 @ 1@ [EME-MW.18 [7500 {7800 |nt ]
[emrmw-24 88 (2700 J20D ] 2 @
KING COUNTY ARRIVALS BUILDING N\ @ > [EWFrmwar Jos Im It ]

(EmF-mw.-22 [5680 [108600 [nt

EMF.-MW-1S
EM F-M W-1iD

s ©

s @@ 120
EM F-MW.5 <100 £3 nt
EMFMW-4_ <00 |® 0 e l I L ]
M F-MW-120 [<100 |46 10U

@ A -
13n 2 &S aan
femP-mw-13D [4m0 27500 3400 | EMFMW.2  J<too 133 00
EMFMW-4D [<100 |13 10 U




J i
[1 -~ TEING

LEGEND

ELECTRONICS MANUFACTURING FACILITY Vinyl Ghioride (o)

GROUNDWATER CLEAN-UP B LOW - LOWEST DETECTION SINGE JULY 1997 OR WELL INST.
LOW HIGH |Oct-01 HIGH - HIGHFST NETFCTION SINCF.ILILY 1997 OR WFI | INST

October 2001 EMF-NV-01 [<D0o0__ |<6000_ (10U

@ 1 MONITORING WELL LOCATION & DESIGNATION

Vinyl Chioride e
e — @ Nv.o1  TREATMENT WELL LOCATION & DESIGNATION

LOLbY PAISOM

LEQ0LYVIS

Acproximate Scale in Feut nt  WELL NOT TESTED
KING COUNTY POLICE
7
L) |lnr-uw-7 <100 ]23 Tnt ]
PERIMETER ROAD
EQUIPMENT @ [smrmwe <10 J2o0 Jou |
| IRALLER e s
i
; ______________________
. T —— !
Nv-01
(UM E-NV-01 <D0 [<5000 [10U ]
FORMER 3-962 BLDG
[EME-Nw-s [0 3600 Jas
fens-nvoz [0 [4z0 2600 |
[EMF-mw.35 <100 132 [nt 1 NV02
EMF-MW-18 <100 18 10U
[Eme-ww-sD 45 laa Tnt | EEUW* «iﬁ"”"*}i“ﬁ"w‘ U _ @ 4o [EFwws s T
e Oe as I=Y-.) r
15 10 J
[ ——
lemr.Mwg j<t00  [s00  Im ] %] /] EMF-MW-8_| 700 |6000  |mt ]
oy 9 e 15 ¢ [EME-MW.B |<200 Jawn |41
[Evrwwen (50 Joi0  [w ] 19 ©
"""" @ {ewrwww o0 [4e0  [me00 ]
. @
[Earwwae B0 15w Ix ] 2 @ 1o [EMF-MW.18_[7400 {7400 Int ]
[Ewrcww.za [7600  [#200 (770 ] o @
ING COU N
\ ~ @ ™ [EmrMw-21 e fasn ot |
[EMe-mw.22 [4800 [<8000 |nt | ” »
AN
Ieu:-uw—«s Te7 T®eoo . Joo0 |
EM F-M W. 1D | 740 33001210607
18 1D @ o
4 @S 1= s @ e 13n 7 Q@ 1an
I:ur-lvm RTINS lemromwes Juoo Ju e I [emr-Mw.13p joon  j2300  jsooo | EMP.MW.2_ <00 w7 10U
EM F-MW-12D <100  [66 |52 | EM F-MW.-140 {<100 {<100  J1ou




ceo0L¥vaS

ZoLv¥ pdIISOM

EMF SITE
SUMMARY OF ANALYTICAL RESULTS
JULY 1997 THROUGH OCTOBER 2001

Trichloroetheans {(ugil)
Clean-up Goal: 2,000 pg/l

Juil-87 10ct87 |Feb-88 |May-88 Aug-88 Nov-88 |Jan-89 [Apr-99 [Jul89 |Oct-99 |Jan-00 Apr00  |Jul-00 Oct-00  Jan01 |Apr01 [Jul-04 Oct-01
EMF-NV-01 870000 1007000 [430000 [180000 [188000 [165000 (185000 [177800 |[237000 [222000 [162000 |nt 324000 (136400 |82800 120000 |79000 60000 D
EME-NV-02 129 652 7500 3160 23800 23100 13000 1700 2120 12800 11800 nt 4800 40600 2525 52000 41000 24000 D
EMF-MW-0 110 nt nt
EMF-MW-18 6.9 15.2 40.6 195 84.2 101 67 85 78 77 59.2 1 106 134 1256 110 100 140
IEMF-MW-1D 1.7 299 84.5 24 <20.00 [<10.00 [<10.00 |169 2200 1638 1416 3380 320 142 219 110 110 150
IEMF-MW-z <1.00 <1.00 <1.00 <1.00 <1.00 <1.00 <1.00 nt <1.00 <1.00 <1.00 <1.00 <1.00 <1.00 <1.00 <1 10U 10U
IEMF-MW-SS 8.72 8.7 3.8 <1.00 35 3.7 4.4 nt nt nt nt nt nt nt nt 3.5 nt nt
EME-MW-3D 86.4 <1.00 1.2 <1.00 <1.00 <1,00 <1.00 nt nt nt nt nt nt nt nt 10 nt nt
2.3 <1.00 18 nt nt nt nt nt 1.8 26 <1.00 <1.00 <1.00 1.6 <1,00 <1 15 2
<100 1.7 <1.00 <1.00 <1.00 <1.00 <1.00 nt nt nt nt nt nt nt nt <1 nt nt
36.2 38.2 10.7 78 6.2 6.3 45 3.92 6.1 3.2 18 2.1 2.3 1.1 <1.00 14 1.2 1
19.9 29 5.8 6.4 <1.00 24 5.1 nt nt nt nt nt nt nt nt 14 nt nt
4700 E |7030 114 33.8 50.5 600 2590 420 85 24230 8150 8540 5500 1320 672 650 760 980
17.9 18900 E |<10 <10.00 |2 <1.00 <1.00 <1.00 1.2 1.6 14 127 15.8 5.6 50 710 closed nt
29100 E |8300 720 147 9.8 «10.00 [<10.00 (24 126 23.6 M 49.8 48 82 90.5 2300 700 400
Well Installed in June 1998 <1.00 <1.00 <1.00 <1.00 1.1 1.2 <10.00 [<10.00 [<1.00 <10.00 [<10.00 |<1 30U 20U
Well installed in June 1998 747 810 840 2300 870 1310 520 585 <1000 500 <200 59 50 U 50U
Welt Installed in July 1999 <1.00 <1.00 <1.00 <1.00 «<1.00 <1,00 <1.00 <1 1.0V 1.0U
Well Instailed in July 1999 733 1200 520 675 <1000 <1000 <500 79 100 U 100U
Well Installed in July 1999 <1.00 <1.00 <1.00 <1.00 <1.00 <1.00 <1.00 <1 10U 1.0U
Well installed in April 2000 <1000  |2600 nt nt nt nt nt
Well nstalied In April 2000 3140 nt 157 432 100 100 90
Well Instailed in June 2000 1230 4760 184 250 73 15U
Well Instalied in June 2000 <100 nt nt nt nt nt
Well installed In June 2000 <100 nt nt nt nt nt
Well installed In June 2000 930 nt nt nt nt nt
Well installed September 2000 <100 <50.00 |[nt nt nt
Woll Installed September 2000 39000 (8000 nt nt nt
Well Installed September 2000 - Low Production Well <100 1.2 15U
Well Instalied September 2000 <1000 <20.00 (<200 300 D 20U
Wast Fleld Well Installed April 2001 <1.0 1.0U 10U
EMF.WF.28 Wast Field Well installed April 2001 44 54 40
EMF-WF.27 West Field Wall Instafled April 2001 <1.0 10U 1.0U
EMF-WF-28 West Field Well Installed April 2001 <1.0 1.0U 1.0U
|EmF.wr-29 West Field Well Instillgd April 2001 1.4 20V 1.5
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EMF SITE
SUMMARY OF ANALYTICAL RESULTS
JULY 1997 THROUGH OCTOBER 2001

cis-1,2-Dichloroethene (ug/l)
Clean-up Goal: 224,000 ug/l

Julk87  |Oct87 |Feb-88 May-$8 |Aug88 |Nov-38 |Jan89 (Apr89 |Jul89 [Oct89 (Jan00 |Apr00 [Jul-00 |Oct-00 [Jan01 [Apr01 |Jul01  |Oct-01
EMP-NVO1 <2000  [<5000 |<10000 |<1000 [<1000 [<1000 |<1000 |<1000 [<1000 (<1000 [<1000 |nt <2000 |<2000 |<2000 |<1000 1500V [240E
EMF-NV-02 388 1030 £ [6200 4220 15120 15800 9700 5840 3640 11400 18100 E (nt 3000 13100 525 15000 16000 11000
EMF-MW-0 58 nt rt
EMP-MW-18 <1.00 1.6 6.6 1010 722 712 543 560 92 108 479 38.9 65.4 150 102.2 654 44 35
|emr-Mw-1D 1.4 11 174.E 1750 108.6 69 362 2050 5450 4580 9940 17600 |1830 776 1060 860 900 790
EMP-MW.2 3.7 2.4 2.3 3 2.4 2.5 1.3 nt 3.3 2.4 1.04 1.6 <1.00 1.2 <1.00 <1 1.0V 1.0U
EMF.MWa8 <1.00 <1.00 <1.00 <1.00 1.1 <1.00 <1.00 nt nt rt nt nt nt nt nt 2.2 nt nt
EME-MW-3D <20.00 {19.1 13.4 10.4 9.4 10 «1.00 nt nt nt nt nt nt nt nt 39 nt nt
IEMF-MW-‘ <2.00 1.4 <1,00 nt nt nt nt nt 3.4 «<1.00 <100 <1.00 <1.00 <1.00 <1.00 <t 18 8
IEAI-MW-G 2.8 3.2 5.3 22 2.9 5.7 <1.00 nt nt nt nt nt nt nt nt 1.7 nt nt
|EMP-MW-8 <2.00 <1.00 <1.00 <1.00 <1.00 <1.00 <1.00 <1.00 <1.00 <1.00 <1.00 <1.00 <1.00 <1.00 <1.00 <1 1.0U 10U
|[emrwr <1.00 <1.00 <1.00 <1.00 1.6 <1.00 <1.00 nt nt nt nt nt nt nt nt <1 nt nt
|eME-Mws 213 454 3700 2050 11800 E (15600 |13000 |6340 1780 26200  |oo00 5220 2970 1124 927 1200 970 640
|Emp-Mw 116.2 1350 808 252 2.8 1.4 44 39 <1.00 4.8 5.9 147 170.2 37.3 2400 1600 closed |nt
[EmEMwW-10 3086 432 8250 1480 353 Ll 141 95 66.6 126 158.4 246 260 423 333 12000  [4100 3400
EMF-MW-118 Well Installed in June 1998 1.9 58 8.7 <1.00 122 990 89 23 481 350 542 910 5300 2800
EME-MW-11D Well Instalied in June 1988 6980 8600 7950 11500 |5900 18300 [11080 (8400 7820 15780 {10440 {7000 5300 5000
EMF-MW-120 Well Installed in July 1999 2.6 <1.00 <1.00 <1.00 <1.00 <1.00 <1.00 <1 4.8 1.0U
|eme-mw-130 Well Installed in July 1999 15500 [27500 21000 [19550 {13600 21400 (19850 {8400 4100 3400
IBAFMW-‘I‘D Well Installed In July 1999 1.3 <1.00 <1.00 <1.00 <1.00 <1.00 1.1 <i 10U 1.0U
Iﬂr-uw-u Well Installed in April 2000 27700  |5930 nt nt nt nt nt
EMF-MW-1¢ Wel Installed in April 2000 6610 nt 792 80.2 310 4200 130
EMF-MW-17 Well Installed in June 2000 2940 6180 842 1000 1200D (2800 D
EMF-MW-18 Well Installed in June 2000 7900 nt nt nt nt nt
EMF-MW-19 Well Instalied in June 2000 12200 |nt nt nt nt nt
EMF-MW-20 Well Installed in June 2000 5680 nt nt nt nt nt
BEMR-MW-21 Well Instalied September 2000 1170 405 nt nt nt
{EMF.MwW.22 Well installed September 2000 122000 [108600 [nt nt nt
IEMIMVI-QS Well Installed September 2000 - Low Production Well 16000 4800D |2700D
IEMF-MW-24 Well installed September 2000 27100 1616 21000 23000 [2800D
EMF-WF-26 West Field Well Installed April 2001 1.3 1.0V 10U
|EMF-WF-28 VVest Field Well Installed April 2001 5600 72000 [4000D
[EMF-WF-W West Field Well Installed April 2001 1500 1900D |1700D
|EMF-WF-28 West Field Well Installed April 2001 <1.0 1.0V 10U
EMF-WF-29 West Field Well Installed April 2001 1100 1400 980 D
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EMF SITE
SUMMARY OF ANALYTICAL RESULTS
JULY 1997 THROUGH OCTOBER 2001

trans-1,2-Dichloroethene (ug/)

JUl-97  |Oct87 |Feb88 May88 [Aug-98 [Nov-98 [Jan-98 Apr89 [Jul-89 [Oct-89% [Jan00 [Apr00 [Jul00 |Oct-00 |Jan-01 Apr01  (Jul-01 Oct-01
EMPF-NV-01 <2000 |<5000 |<10000 [<1000 [<1000 [<1000 (<1000 [<1000 (<1000 |<1000 <1 000 |nt <2000 (<2000 [<2000 (<1000 [1500U |18
IEMF-NV-O: 40.6 42.3 153 170 384 480 310 240 210 290 380 nt 320 <1000 |65 1200 1300 900
EMF-MW-0 1 nt nt
EMP-MW.19 <1.00 <1.00 <1.00 19.5 <20.00 [18 16 17 <10.00 (34 14 <1.00 1.1 25 <2.00 <1 1.0V 1.0U
<1.00 <1.00 24 14.6 <20.00 [<10.00 [<10.00 22 <50.00 |20.6 24 130 <100 <20.00  [<10.00 |10 30U v
<1.00 <1.00 <1.00 <1.00 <1.00 <1.00 <1.00 nt <1.00 <1.00 <1.00 <1.00 <1.00 <1.00 <1.00 <1 1.0U 10U
<1.00 <1.00 <1.00 <1.00 <1.00 <1.00 <1.00 nt nt nt nt nt nt nt nt <1 nt nt
<20 1.2 1.1 1.8 12 1.5 1.4 nt nt nt nt nt nt nt nt <1 nt nt
<2.00 <1.00 <1.00 nt nt nt nt nt 2.3 «1.00 <1.00 <1.00 <1,00 <1.00 <1.00 <1 1.00 1.0U
<1.00 <1.00 <1.00 <1.00 <1.00 <1.00 <1,00 nt nt nt nt nt nt nt nt <1 nt nt
<2.00 <1.00 <1.00 <1.00 <1.00 <1.00 <1.00 <1.00 <1.00 <1.00 <1.00 <1.00 <1.00 <1.00 <1.00 <1 10U 1.0U
<1.00 <1,00 <1.00 <1.00 4.4 <1.00 <1.00 nt nt nt nt nt nt nt nt <1 nt nt
15 <200 <100 10.3 <50.00 |<100 <100 <100 <50.00 |56 <500 30 120 <20.00 [<10.00 [14 11 12
8.73 <100 21.9 16.8 <1.00 42 3.6 5.05 5.4 3.9 3.2 4.2 7.4 <1.00 22 25 closed [nt
[EmMEMwW-10 160 <100 <200 25 10 <10.00 |11 14 10.6 109 8.4 9.6 <10.00 |<5.00 18 830 250 160
EMF.-MW-118 Well Installed in June 1998 «<1.00 16 <1.00 <1.00 6.9 30.1 <10.00 [<10.00 [19.9 <10.00 |[<10.00 (34 230 100
IEMF-MW-'I 1D Well d in June 1998 510 800 520 940 630 1340 740 650 1040 <200 1680 1200 1200 1100
EMF-MW-12D Well Installed in July 1999 13 <1.00 <1.00 <1.00 <1,00 <1.00 <1.00 <1 10U 10U
[EMEMW-13D Waell Installed in July 1999 1430 2290 1460 1525 1600 <1000 2250 870 950 1100
IEMF-MW-MD Well Installed in July 1999 <1.00 <1.00 <1.00 <1.00 <1.00 <1.00 <1.00 <1 1.0U 10U
EMP-MW-16 Well Installed in April 2000 2400 1800 nt nt nt nt nt
EMP-MW.16 Well Installed in Aprit 2000 300 nt <1000 (8.2 20 30 19
|EMP-MW-17 Well installed in June 2000 380 <200 486 250 420D [780
EMF-MW-18 Well installed in June 2000 550 nt nt nt nt nt
IEMF-MW-" Well Installed in June 2000 720 nt nt nt nt nt
[EME-Mw-20 Well Instailed in June 2000 380 nt nt nt nt nt
Well Installed September 2000 <100 245 nt nt nt
Well Instatled September 2000 <6000 (12800 |nt nt nt
Well Installed Septernber 2000 - Low Production Well 1200 400D {540
Well Installed September 2000 <1000 [612 1600 330D (730
West Field Well Installed April 2001 <1.0 10U 10U
West Field Well Installed April 2001 250 440 210D
West Field Well Installed April 2001 22 44 38
West Field Well Installed April 2001 <1.0 tou 10U
West Field Well Installed April 2001 15 20U 16
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EMF SITE

SUMMARY OF ANALYTICAL RESULTS

JULY 1997 THROUGH OCTOBER 2001
Vinyl Chioride (ugh)
Clean-up Goal: 525 ug/l
Jul-87  |Oct87 |Feb-88 |May-88 |Aug-98 |Nov-88 |Jen99 (Apr99 |Jul98 |Oct-98 [Jan00 |Apr-00 |Jul-00 Oct-00 (Jan01 |Apr01 [Jul-01 Oct-01
<2000 <5000  |<10000 |<1000 [<1000 [<1000  |<1000 <1000 |<1000 <1000 (<1000 |t <2000 |<2000 |<2000 [<1000  [1500U [10U
<20 97.2 312 352 554 740 920 790 1154 2470 4220 nt 240 1010 60 2200 2000 2500
<1 nt nt
<1.00 <1.00 <1.00 13.6 <20.00 |60 113 53 <10.00 [54.2 30.5 7.1 145 25.6 15.4 <1 1.0V 1.0U
<1.00 2.4 16.5 561 944 328 626 1260 795 1004 2160 2050 480 302 281 160 140 160
2.2 27 5.9 7.1 8 7 7.6 nt 10.4 14.7 10.3 75 <1.00 1.1 <1.00 <1 10U 10U
<1.00 <1.00 <1.00 3.2 <1.00 <1.00 <1.00 nt nt nt nt nt nt nt nt <1 nt nt
<20 45 413 7.9 13.4 129 14.4 nt nt nt nt nt nt nt nt 44 nt nt
<2.00 <1.00 <1.00 nt nt nt nt nt <1.00 <1.00 <1.00 <1.00 <1.00 <1.00 <1.00 <1 3.4 13
17 1.2 14 <1.00 1.2 12 <1.00 nt nt nt nt nt nt nt nt 1 nt nt
<2.00 <1.00 <1.00 <1.00 <1.00 <1.00 <1.00 <1.00 <1.00 <1.00 <1.00 <1.00 <1.00 <1.00 <1.00 <i 10U 10U
<1.00 <1.00 <1.00 <1.00 23 <1.00 <1.00 nt nt nt nt nt nt nt nt <1 nt nt
<10 <200 <100 30.4 §10 2690 3690 1580 600 2700 2350 850 6570 200 387 410 94 46
12.74 <100 430 195 <1.00 <1.00 6.5 2.63 <1.00 4.3 28.9 107 180.6 56.2 900 480 closed nt
322 <100 1120 2100 755 94 334 154 64 114 156.6 188 199 212 223 2700 1200 1100
Well Instalied in June 1998 6.7 102 16.6 2.5 164 320 183.2 67 176 209 527 490 1600 1000
Well Installed in June 1998 740 870 1730 1050 580 3720 2060 1075 2200 1640 2920 3300 2400 2100
Well Installed in July 1999 3.6 <1.00 21 <1.00 <1.00 <1.00 <1.00 <1 6.5 5.2
Well installed in July 1998 11900 23100 21600 16650 14400 14700 16300 10000 13000 9000
Well installed in July 1999 <1.00 <1.00 <1.00 <1.00 <1.00 <1.00 <1.00 <1 10U 10U
Well Installed in April 2000 1700 5000 nt nt nt nt nt
Well Installed in April 2000 4140 nt 456 <2.00 180 2200 {41
Well installed in June 2000 4190 2660 1340 1300 16000 {3300 D
Well Installed in June 2000 7400 nt nt nt nt nt
Well Installed in June 2000 1340 nt nt nt nt nt
Well ingtalled in June 2000 2500 nt nt nt nt nt
Well installed September 2000 3810 3645 nt nt nt
Well Installed September 2000 <5000 (4800 nt nt nt
Well Installed September 2000 - Low Production Well 6800 16000 |690
Wel Installed September 2000 15200 1466 6500 760 D 770
West Field Welt Installed April 2001 120 63 180
West Fleld Well Installed April 2001 1300 1800 1300 D
West Field Well Installed April 2001 1300 1700 1400 D
West Field Well Instalied April 2001 20 1 9.4
West Field Well Instalied April 2001 2500 2800 2400 D




Appendix E - Summary of First Order Degradation Modeling
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Basis for first order Degradation Modeling of VOC plume at EMF site

The basic equation used to represent a first order degradation process is:
Ct)=C,e™ Eq1

atthe EMF site the concentration at the source has been approximately constant because of the high VOC mass
(TCE as a DNAPL). The above first order degradation equation can be transformed from concentration as function
of time [C(t) ] to concentration as function of position [ C (x)]. The downgradient position (x) is equal to the velocity
(v) multiplied by the travel time (f).

x=vt

rearranging,

t = x/v, and substituting this into equation 1 yields

C(x)=C, e ®n Eq2

By plotting the measured concentrations on a logarithmic scale versus distance on a linear scale the above
relationship can be used to determine:

1) if the concentration profile fits a first order degradation model

2) the rate constant for the degradation process.

The field data along with the degradation modeling are shown in Figures 5-3 and 5-4. The field data are the peak
plume concentrations detected along several different plume transects. At each transect approximately 15 VOC
samples have been collected to define the plume boundaries (transverse dimension and vertical interval) at that
locations and the peak value is used in the modeling calibration to derive the degradation rate constants.

The degradation rate constant is determined by a least squares fit of the model predictions to the measured field
data. The results indicate a good fit between the field data and the model predictions (an R? of 0.98). The estimated
half life ( T,,) for the slowest degrading VOC is 19 months. This corresponds to the predicted concentration
decreasing by 50% (a factor of 2 reduction) for every 500 feet of travel distance.

EMF Data Summar2.wpd 1/16/02
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Summary of first order degradation modeling with generation of daughter products

C, =TCE, k, = 1st order decay constant for TCE,
MW, = Molecular weight for TCE
C, =DCE, k, = 1storder decay constant for DCE,

MW, = Molecular weight for DCE
C, =Vinyl Chloride, k, = 1storder decay constant for Vinyl Chloride,
MW; = Molecular weight for Vinyl Chloride.

TCE
dC, /idt+k,C,=0

Ci = Co x [ (ki
C = C],o xe ™

DCE
d C2/dt+ k2 02 = (k1 C1 ) MWleW1 =0

C,=Cyp xeXp (-ky 1) + (MW, MW, ) x | C,(1- exp ()t

A A
C.=C. x 2 1 Xekﬂl’+ 1 x Ayt
2 1,0 [(/12_/1) (/1_/1) € jl

1 1 2
Vinyl Chloride

d C, /i +k, C, - (k, C, ) MW, MW, = 0
Cy=Cap xexp (k) + (MW, MW, ) x | C,f1- exp (-k, Ot

Eq.3

Eq.4

Eq.5

No closed-form solution exists for Equation 5 so the solution is derived by a numerical integration over time.

EMF Data Summar2.wpd
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Appendix F - Evaluation of the Effects of Tidally-induced Mixing in Groundwater Near the Duwamish
Waterway.
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D

Evaluation of Tidally Induced Mixing Within Groundwater

Groundwater discharge from the unconfined aquifer to the Duwamish waterway is
considered to be an important exposure pathway for chemicals present in groundwater
beneath the Plant 2 site. The potential impacts to the surface water body are evaluated
through comparison of the groundwater discharge concentrations with appropriate
criteria developed to protect the surface water resource. The surface water criteria
typically consider water quality standards necessary to meet the sediment quality
criteria, Ambient Water Quality Criteria (AWQCs) for protection of sensitive aquatic life,
and potential human exposure through bioaccumulation in fish and subsequent human
ingestion of fish. The MTCA specifically states that the dilution within the surface water
body should not be considered when setting cleanup standards for protection of surface
water. This is a conservative approach taken by Ecology to ensure that specific
discharge locations do not create local impacted areas (e.qg., impacts to sediments) and
that multiple discharges to a surface water body (when all combined together) do not
cause an adverse impact. The same procedures for setting the groundwater cleanup
levels are also used in setting the soil cleanup levels with an additional step considering
the leaching from soil to groundwater.

A significant amount of research has been completed on the physical and biochemical
processes associated with groundwater discharge to tidally influenced surface water.
Much of the recent research has been focused on environmental impacts of
contaminated groundwater discharging into the Chesapeake Bay. The research
projects, including field studies and modeling studies, have clearly demonstrated that the
rapidly changing water levels in the inter-tidal zone have a significant impact on the
groundwater discharge and the concentration of various contaminants within that
discharge. The dispersive nature of the tidally influenced flow regime in groundwater
has been recognized for at least 40 years (e.g., see Cooper 1959, Kohout 1960). More
recently, several quantitative models have been developed to characterize the chemical
transport conditions within the inter-tidal zone (Robinson and Gallagher 1998, Yim and
Mohsen ,1992)

Relative to setting groundwater quality standards to protect an adjacent surface water
body, one important process is the rapidly changing groundwater movement in the near-
shore, tidally-active region of the aquifer. The tidally-active region of the unconfined
aquifer is the zone where the water table elevation is influenced by the tide. The inland
extent of the tidally-active region varies with the hydrogeological properties of the
aquifer. The tidally-active region of a typical unconfined aquifer in the Duwamish area is
expected to extend inland about 100 to 200 feet (30 to 60 meters) from the shoreline. In
this region of the aquifer, groundwater flow is dominated by the tidal fluctuations of the
adjacent (and connected) surface water body. The tidal conditions in the surface water
create fluctuating water table elevations and corresponding changes in the groundwater
velocities (the changes are both in magnitude and direction).

For the typical conditions of the Duwamish area, the expected range of fluctuating
groundwater flow velocities in the inter-tidal zone is shown in Figure 1. The peak
groundwater flow velocities in the inter-tidal zone are more than an order of magnitude
greater than the typical groundwater flow velocities caused by the regional gradient (up
to about a factor of 50 times larger).
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This is important because the flux of water in the inter-tidal zone is therefore more than
an order of magnitude larger than the flux associated with the ambient groundwater flow
(i.e., that induced by the regional gradient). The significantly higher water flux in the
inter-tidal zone is comprised of in-flowing water (from the surface water into the aquifer)
on the flood tide (high tide cycle) and discharging water on the ebb tide (low tide cycle).
This mixing of tidally induced groundwater fiow with the ambient groundwater discharge
has an important impact on the concentration of chemicals present in the discharged
water. If one assumes that the chemical concentrations in the surface water are very
low (or zero), then the effect of the tidal mixing within the inter-tidal zone is to
significantly dilute the concentrations of dissolved compounds present in groundwater
prior to the point where they are discharged to the waterway.

In relation to setting site cleanup levels, consideration of the mixing within the inter-tidal
zone may establish significantly higher cleanup levels in groundwater and soil that are
protective of the applicable criteria for the surface water body. The total mass flux of
chemicals in the groundwater discharge is the same in either case but the mixing in the
inter-tidal zone dilutes the concentration and the diluted concentration is discharged at a
higher water flux rate. In order to quantify the expected magnitude of the tidally induced
dilution at the Plant 2 site a model of the important transport processes was developed
based on the analytical methods described by Kim and Mohsen (1992).

Model Description

The model for analyzing the magnitude of the tidally induced dilution is based on the
standard advection-dispersion equation used for evaluating transport in porous media.
The one-dimensional form of the transport equation is:

3 LDac) avC) _oC

a\ ax)

Ox ot

where, the dispersion coefficient D is defined as;
D=d}V|

and the symbol a (alpha) is the longitudinal dispersivity. The important consideration in
solving Equation 1 for the inter-tidal zone is the fact that the velocity is constantly
changing over space and time. In addition, the changing velocity also changes the
magnitude of the dispersion coefficient, as shown in Equation 2. These two
considerations require that the analysis be developed as a numerical solution because
no analytical solution to Equation 1 exists for time and spatially variable velocities.

The expected flow field from the tidal boundary condition is generated based on a simple
equation representing the tidal influence as a sinusoidal function. The tidal influence on
the groundwater elevation is represented as : :

. | 2m
h(x,t) =h,exp(- xﬂ)sm(—t— -xf ]
0
where;
h(x,f) is the water table elevation (L)
h, is the tidal amplitude (L)

Eq. 1

Eq. 2

Eq. 3

'-\
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x is the distance from the tidal interface (L)

tis the time (T)

t, is the tidal period (T)

and gis a term that defines aquifer properties (1/L)

The term gis defined as:

pin)
= = Eq. 4
g t, T

where:

S is the specific yield of the aquifer (L*/L%)
T is the transmissivity of the aquifer (L°/L-T)

T is calculated as the product of the hydraulic conductivity, K, and the aquifer thickness,
B. This is a common equation that has been widely used in groundwater hydrology for
representing tidal influences in aquifers. The groundwater velocity at any point is equal
to the sum of the velocity due to the regional gradient, V;, and the oscillating velocity due
to the tidal effects, V,:

V=V,+V, Eq. 5
The oscillating velocity component of groundwater flow is derived by differentiation of
~ Equation 3 to get the gradient and applying Darcy’s law. The tidal component of the
groundwater velocity can be expressed as:

V,=h, ES Bexp(- xﬂ’)ﬁ sin(z—m -xf +£) Eq. 6
n, 1, 4
where:

K is the hydraulic conductivitz ((Wa))]
ne is the effective porosity (L°/%)

Model Application

A series of model simulations of groundwater discharge to typical tidal systems were
conducted. The first two simulations are taken from the examples provided Yim and
Mohsen (1992) to verify that the model is developed and working correctly (these
examples do not apply to the Duwamish specifically but are included to demonstrate that
the model works comrectly). Figures 2 and 3 illustrate model results for the example
cases provided by Yim and Mohsen (1992). Figure 2 shows the base case
concentration profile without the tidal boundary condition. Figure 3 shows the
concentration profile including the effect of the dispersion induced by the tidal boundary
condition. The results compare favorably with the simulation examples provided in the
reference paper (Figures 4 and 5 from Yim and Mohsen, 1992)

The model was then applied to a typical example that might be expected'for the Plant 2
site. For this example case the following modeling parameters/boundary conditions
have been used:
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« The boundary condition at upland source area is fixed at a concentration of 10
ppm (this represents an large chemical inventory in soil or groundwater at this
location, a worst case example)

« The boundary condition at the waterway discharge is set at waterway

concentration (assumed to be 0) on the flood tide and set to a zero gradient

(which allows flux out) on the ebb tide

Aquifer thickness of 30 feet

Hydraulic gradient of 0.003 ft/ft

Hydraulic conductivity of the soil at 28 ft/day (10 cm/s)

Porosity of soil at 0.25

Tidal amplitude of 3 feet

Tidal period of 0.52 days .

Longitudinal dispersivity of 10 ft (typically estimated at 0.1 times the plume travel

distance)

e 6 06 06 0 ¢ o

Figure 4 shows the model predicted results for the base case with no tidal influence. As
expected, the concentration front migrates to the discharge point and ultimately reaches
the fixed concentration present at the up gradient boundary.

Figure 5 shows the model! predicted results for the pbase case including the tidal mixing
within the inter-tidal zone. The results indicate that the tidal fluctuation has a very
significant impact on the concentration of dissolved species discharging from the aquifer
to the surface water body. The discharge concentration in the zone near the surface
water body is significantly reduced when compared to the results presented in Figure 4.
The dilution in the inter-tidal zone induced by tidal mixing appears to be at least a factor
of 50 for the cases examined.

The same analysis can be used to predict the salinity profile within groundwater induced
by the tidal mixing. In this case the groundwater is assumed to have a background
salinity of 0.0 and the tidal boundary has a salinity of 35 parts per thousand (ppt). Thisis
typical of salt water but may be somewhat higher than this part of the Duwamish. The
predicted salinity profile in the inter-tidal zone is shown in Figure 6. The relation
between salinity intrusion at a specific point and corresponding dilution of chemicals in
discharging groundwater is linear. Therefore, measurement of a salinity profile may be
used as quantitative proof of the mixing processes in the inter-tidal zone.

Calibration to observed water table fluctuations and the induced salinity profile within
groundwater should be considered to verify/calibrate the modeling results. ideally, data
would be collected from two or more wells located relatively near the shoreline and
include water levels fluctuations salinity measurements. Based on the predicted salinity
profile, the two measurement points should be within about 50 feet of the waterway.
These type of data, coupled with the modeling analysis, may be useful in setting site-
specific cleanups levels for the Plant 2 site and demonstrating that the cleanup levels
are protective of the relevant exposure pathways in the surface water body.

@-

e
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Figure 1. Tidally Induced Groundwater Flow Velocities
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Figure 3 . Example Case of Plume Movement With Tide,
Yim and Mohsen 1992
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Figure 4. Example Case of Plume Movement in Unconfined
Duwamish Aquifer Without Tide
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